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" SUMMARY

Late in Decenmber, 1970,the following preliminary Interface Control
Documents (ICD's) were delivered to NASA: ‘

(1) ICD No.

(2)~;ICD No.

(3) ICD No.

SR 2.4.4-11083 - Booster Vehicle/Orbiter

Vehicle,
dated 17 December 1970 S

SR 2.4.4-11082 - Orbiter Vehicle/Space Station/Payload

‘Module, dated 17 December 1970

SR 2.4.4=-11144 - Rooster Vehicle/Orbifer Vehicle/
Payload Module to the Leunch Pad Complex, dated
10 December 1970 o : N

o (&) 1ICD No.

SR 2.4.4=1114T - Booster Vehicle/Orbiter Véhicle/ - -~ -

Payload Module to M&R Complex, dated 17 December 1970

SR 2.l 4=11145 -=- Booster-Vehicle/Orbiter Vehicle/
Communications Network, dated 17 December 1970

~~-{5}---ICD No.

- Subsequently, mtd-way in February, 1971, the ICD's were reworked and reviewed’
‘informally by NASA and NR/GDC.  ;§§5m(25 was divided into two ICD's: ]

(6) ICD - Orbiter/Space Station, dated 8 Februery 197L

(7) ICD - gppiter/Payload, revigsed 1l February 1971

The scopes of the other ICD's were unchanged, but they were up-dated to
.mid~February. For the 270-day data submittal, & preliminary version of the
report "Interface Cort rol Documentation” was submitied including, as
sppendices, updated drafts of items (1), (6) and (7). Items (3) and (5)
were updated in the form-of Interface Definition Documents, for reasons dis-
cussed below. Furthermore, item (4) was similerly re-oriented and divlded
into two Interface Definitilon Documents, one for the previous MER Complex

g A

less landing sites, and the second for the Landing Sites. '

.. T " oThis report is the final Phase B sutmittel of the same document with
the exception thet item (6) has been deleted. The deletion was mede for two
ressans: (a) the Phase B study shifted from sole emphbasis on the Space Sta-
tion mission to emphasis on a broad spectrum of missions; the 33=foot Space
Station (Phese B level of definition) was replaced by the Shuttle-lesunched

Modular Space Station (Phase A level of definition); the result is & de-

emphasis of the Space Station and a less well-defined interface; (b) the
Orbiter/Payload ICD = item (7) - is applicable to the Modular Space Station
and includes docking interfaces and radio frequency interfaces for detached
peyloads (or Space Station); the result is that the Orblter/Payload ICD
serves for the Space Station, with the exception of procedural interfaces
and payload-transfer interface while docked. '
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INTERFACE CONTROL DOCUMENTATION REQUIREMENTS

DRD No. CM-09M defines Interface Control Documentetion to be prepared
during Phase B, consistingof physical, functionel and procedurel ICD's. With
the exception of the flight elements, very few physical interface require-

ments have been determined as yet. Even for the flight elements, only a . ‘ o

minims]l number of gross physicel interface requirements cen be documented et
this time, Consequently, the interface documents in the appendices are
limited mostly to functional interface requirements.
- 'As in previous preliminary versilons of the ICD's, the intent of this
document 1s to encompass the full scope of interfaces which must be con-
trolled, in development of the Shuttle System. Since ICD's must normally be
negotiated by the interested parties, eny ICD's prepared during Phase B can
—_only be considered . as criteria recommended to the development contractors -

selected for Phase C-D. At this time, it asppears advisable to document the
interfaces in both ICD's and Interface Definition Documents. ICD's are being
retained for those interfaces which can be defined +to reflect contractual

. relstionships enticipated for Phase C-D. Interface Definition Documents

_ have been prepared end included as appendices herein for mlti-element, wmlti-
party interfaces which will be divided, in Phase C-D, inmto a number of ICD's =
for more effective development and comtrol. In the case of the Booster- A

Orbiter-Shuttle to Launch Operations Camplex interface, . considerable uncer-

tainty exists &3 10 whetlier o particuler vehicle=support-equipment-interface -
will be subject to external ICD or to internal comtractor control. For the
present, the Interface Definition Documents merely identify and define the
interface without specifying whether or not a formal ICD will ultimately be

“required. - - :
. BREPARATION OF INTERFACE CONTROL DOCUMENTATION

: Interface identificetion and definiticn starts with the Shuttle
System Specification and the interface requirements specified therein. The
top-level Schematic Block Dlagram (SBD) shown in Figure 1, which is also a
part of the System Specification, graphicelly identifies and grossly defines
the main interfeces to be controlled. The SBD included in each Interface
Definition Document is an expansion of a portion of the top-level SBD. I% )
jdentifies more limited interfaces and identifies potential ICD*s required to
control each interface. At this time, ICD's are being identified between a
particular flight element and all items of support equipment although it
should be noted that, for items of support equipment peculisr to a particular
f£light element, control of the interface mey be internal to the comtractor and
not the subject of an external ICD. '

For the ICD's included in this document, an attempt was made ‘
to structure each so as to allow easy growth into en ICD suitable for Phase
C-D negotiation. Data belleved necessary +o control the interface has been
{dentified and described even if it is not available now and caen only be
jdentified as "TBD". The following considerations were kept in mind during
ICD preparation. o . '
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(a)

(e)

The ICD is a legal document, equivalent to a contract,
which binds two or more parties to satisfy explicltly
stated requirements. Comsider and negotiate it as such
a contract.

The ICD is incorporated in each specificetion controll-

-ing elements meeting at the interface, Since it is can-

tractually part of such specificaetions, use the same
approach ss would be used in preparation of Section 3
of the same specificatlons.

Define the interface, not the equipment/software items

which interface; viz., include omly the requirements/
criteris necessary to define and cantrol the interface.

At this time, the data in the ICD's must be considered very prelimi-

nary in nsture. In genersl, they will not be handled as controlled documen-
tation and so will not be kept continucusly updated. The exception will be
~ the Booster Vehicle-to Orbiter Vehicle ICD which will be informaslly main-
tained to document NR/GDC interface design decisions.

SSTE :
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"1,1,1 Initiation of Shuftle Vehicle Mating.

1, SCOFPE

1.1 Technical Interface

This Interface Control Document {(ICD) specifies functional,
physical and procedural requirements for the interface(s) between the
Booster Vehicle and the Orbiter Vehicle from initlation of Shuttle Vehicle
mating (preparatory to launch) until command of either the Booster or
Orbiter-Vehicle (whichever commits-to land-earlier)-is transferred-to-the

air traffic control function at the landing site, as defined in the sub-
paragraphs below, It includes design requirements to be observed in
design of the interfacing equipment in accordance with requirements

" specified in this ICD,

=~ " Initiation of Shuttle Vehicle mating shall be defined as that time at
which first physical contact occurs between the Booster and Orbiter
Vehicles during their final mating, as part of the pre-launch operations,

.preparatory to launch in the mated configuration,. . i e

1.1.2 Transfer of Vehlicle Command.

Transfer of command of either the Booster or Orbiter Vehicle to
the air traffic control function at the landing site shall be defined as that

time at which the vehicle involved first acknowledges an instruction con-

cerning traffic pattern, landing, etc. from the air traffic control function
at the landing site, "

2. APPLICARLE DOCUMENTS

The following documents, of the Issue in effect on date of
original official release of this ICD, form a part of this ICD to the extent

specified herein., In the event of conflict between documents referenced

herein and the contents of this ICD, the contents of this ICD shall govern.

2.1 Specifications

(a) Specification No, §8613M0001: System Specification for a
Space Shuttle System

S T 19



-(b)- Specification No, 76Z0500 Booster Vehicle Prime Item PartI

(c) Specification No, CP613M0002 Space Shuttle Orblter
_ Prime Item .

- (d) Specification No. 76Z0548 Alrborne Separation Sequence
Software '

2.2 | Interface Control Documents

13M15000B Space Shuttle Vehicle/Engine 550K(SL) Interface
Control Document, - .

3. - INTERFACE REQUIREMENTS Co s S

3.9...1,; ~ Mass Properties

3.1.1 Ground Operations,

The mass properties of the Shuttle Vehicle, the Booster Vehicle,

“and the Orbiter Vehicle - diring ground handling and transportation of the =~
mated Shuttle Vehicle - shall be constrained within the limits shown in
Table 3.1-1. Values shown are maximum values unless otherwise -

Indicated. . UL

[

Table 3.1-1, Prelaunch-Mated Vehicles Roll-Out Mass
Properties (B9U Booster + 161C Orbiter)

Element ] Weight c.G.X C.G.YX. C.G.Z
B9U Booster © 631228 3172 0 348
" 161C Orbiter (Payload in) 264253 2228 0 751
161C Orbiter (Payload Out) 224253 2224 o T45
Combined (Payload In} 895481 - 2893 0 467
Combined (Payload Out) 855481 2923 0 452
Payload _ 40000 . 2251 0 783
NOTED:

1. Each element contains only the closed system fluids.
2. All c.g.'s in Booster coordinate system. '
3. Booster nose = 1000

4, Booster tank centerline = 400

-
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3.1.2 Flight Operations.

The mass properties of the Shuttle Vehicle, the Booster Vehicle,
and the Orbiter Vehicle - during ascent of the mated Shuttle Vehicle - shall
' 'be constrained within the limits shown in Table 3.1-2, Values shown are
- maximurm values unless otherwise indicated. :

3.2 Structural Support

- The Orbiter Vehicle shall be s.upported by tne Booster Vehicle:
by means of the Mating/Separation Subsystem from initlation of Shuttle
Vehicle mating until Booster/Orbiter separation. The attachment point

locations shall be as shown in-Figure-3.2-1,—Geometry-of the-linkage
shall be as shown in Figure 3, 2-2., The Mating/Separation System shall -
be capable of withstanding the loads shown in Figure 3.2-3 for launch pad
“operations and mated ascent, and Flgure 3.2-4 through 3, 2- 13 for
~'Booster /Orbiter separation, -

3,21 Booster and Orbiter Dynamic Characteristics.. .. e

-—====-=""The.dynamic characteristics of the Booster and Orbiter Vehicles

shall meet the requirements given in Table 3,2-1, The requirements in

the table are minimum natural frequencies of each body in primary axial,.

lateral, and torsional modes when the body is attached to a rigid fixture..

The attachment shall be at points where the interstage connecting struc- -
ture attaches to the body.

Ta.ble 3.2-1.. Booster & Orbiter Dynamic Characteristics
o {(When Attached to Rigid Structure)

BOOSTER ' ORBITER
MODE - (Hz) © (Hz)
AXIAL TBD TBD
LATERAL | i -
- . FITCH TBD ~TBD = - u
YAW TBD "TBD
TORSION TBD o TBD

NOTE: The frequencles can only be specified after detailed stability
analyses have been performed (probably after PDR) on the
selected conﬁguration.

SN 71.127



|

TABLE FF-g2¢

SPACECRAFT SEQUENC

Configuratio

B-9U + L1 C ORBITER

E MASS PROPERTIES STATEMEN

" an/C

Page

/ of

™

Date C-/fO/?l

Center of Gravity

Moment of Inertia
s!ug-f12 .3 I106}

- Product of [neétia

welght (oot 1HCHE % (slug-fi® x 10°)
No, Mission Event {ib) Cx ‘ y z | 1x_‘ ly-y ! Iz-_z [xy lxz l)(z
COOSTER l .
LIETCR &~ Pag A VY2 O 270 : 25340 Ssy.zop ':szp,?ao [a) ~1£,900 &)
MAX Q A6 2331 D361 o 370 |i4,070 {4t2./00 |4IZ.200 O - 14,900 (o]
= —Cn (597323 2779 o T 172,570 [295.466[219.906 T S
v NOJT (eNMTRY) 259G | ZA0SE (&) 3R 3, 74 !J?.Bofo /30,500 [ - 270 O
|
START _CRVIISE 76245 | 3032 &) Q! | 280 5,600 JAOO o — 3,390 o
L AIING 38912 | 2i44 (6] 237 | 2494 mo,,«olo [/, 790 o -2.,M30 O
OB 17 & 4 S0y JO-SQ o 733/ {5,004 32190 |35.930 o 0,517 G
LicTor~F~ ;l
COrUIIN T
LIATOFE 047327 2137 2] Y4Y0| 139,562 ]¢05.500{ 589,500 O -1%38 3 ©
NAX O 33373333396 | o | 454 [3%.760 cnmo’zo qig.300l o  |-jg3e3] o
[F9gv3a3[ 4%l | o 14 73 135450 153060|33500d & [-7.763] G
BurNOQ T~ 16650901 1539] © £3% 129,400 ac.cuqo;o FEF NI S -2, 303 o

.

[th. MIL-M~1§31DA or SP-6004

NOTES: Ar/ c,g',q ta boosfer coordinate 5\{‘5'{""“9
\ /.‘laas‘/c-r' MNMOSE =r000
Cropellont Teuk & =400




A
T p0OSTER JORBITER  ASSY N VAB l LAUNCHER SIDE N° 1
VERTICAL ¢ .
- e 1730 \ VERTICAL WOIST POsITION

E saosTER /

. LAUNCH HALD DowN POSITION
.a/_

Lia)
i N
CLENEANCE

MOBIE SERVUCE STRUCTURE.

(Eusmne samany svstew moomes) |

PSS — — - - - ! | i ! - e — m e A - - f—_—— [ R —— e . - s =

{

' " \

CRAWI.ER ~TRANSPORTER i
/(E,.snm': SATURNE SYSTEM) ‘ F
I : :

.
P
=
’
: !

ALY
N
/]/L’_W<l/ﬂ7l7l
3 |
43

-
| —
/I

+ - — _

JFT CLEARANCE

VEWw DR A

FilLf DRAIN _/ L—.A Ta A

u . wivicE LS

£-56- A



A
i gt
! a

e 1

. L.sﬂ 4067

# 1
P~

LAUNCHER

SIDE me

B
2 |
LEVEL 320 FT- :
1
|
1
.
- -BOOSTER ' A 1G4
IMGRESS /EGRESS
FLOOR LINE

/ )
i — \ {
i i
N v
| '
1
—— N - 7 - E
) //?[ s : i y : " LeoosTiR sTA 18ce
/R 4 ks ANTI- Sway DAMPER
M{e AccESS Il . \: | )
i yy E
! oo " '
: H . : |
nl ! : - E - s e N
e e ——— Y ! | |
L |
. [ i
3 Foo \
REITER  SERVICE A [ !
DiSecameCT . - ! ; ! i
- - | i R __.____1..
- !
—— o Y| i Ji [ | Sy g Sy | R———— L | R W ————
e ST T ! ' ! e sl (HM ReoT uPeeR ww&ﬁL
MYE AGESS TO AFT i . . .
MAOHICS VIN EHGRE = | ' - i
WERT S IE LD : i |
._._____“__k’/ _ !
A b P& o AR INSSECTION ACCRSE i
- T e, amee TO FiLL DR RIBE -0FF .
- Rk, St DI3CaMECTS
] SRR I N— BOOSTER $TA 4067
[ l " FILLjORAN. SERVICE  DISCONMECT
: 20T )
. / T . LeveL C FT
Luy VENT 3
AND REFOVAL | PLUME § ARE AXiS ‘ _
PONTS ;

HOLD -Daw/
FITTING {4 PLACES)
BoosTER LiFT POINT

P

Loans AwD Compimongs "'-"‘*E/{\ DIRECTION S
Ten LG5 x [O® LS - STATIC ARG w071 "o -

| HOUR \WINDS

conp 2.Q X (0% \as -
ULTIMATE  (FacToR 1.4)
HASA TMY 53973

n SIDE N*Z2

10,5 TP NATURAL EMViRQNMENT
2 Racws) CRITERIA ROP SPACE SHUTTLE
- -‘-"“\
. -
45"Tvp /
LISV | & -
v S
I rd
18.0 TYP (.?mc::)gf_

T INTERFASE |
SECTION

A=A

LT

View oe B

1 '
b i @ —

Lo W™LL /ORAIN
PURGED NITROGEN DISCOHIQEQ
HELIUM FILL fORAN.

TSIDE WY T

¥ sipE Nt

8

ey veg



|

r ————LEVEL 320 FT

-— - - BOOSTER 5TA 1G4
IMGRESS [EGRELS
FLooe unNtE-

k

-

LAUNCHER SIDE N° 3

! I—aoo-;tw (ST 1866
ANTIs SwaY DAMPER

M 4R VERTICAL ACCESDS
FUGKT AND AVCMICS COMPRETMEN TS

1
|
]
! e MR _ADY ACCESS,

For s —(WiNG ROGT URPEE SGeFacy) ~- -

I

PR NSPECTION ACTESS,
TO FiL /DRMu RISE -OFF

ChHSCOMMECTS oo

BOOSTER STA 4067

FiLL /DENN SEQVICE UISCONNECT

weve, O FT - -

View oe B

BOOSTER BASIC CONAIGURPATION
DwG 76 ZO140A (B-90)

"1 awe.ne3

HeELWM FILL /DRAN

=g |¢m

STA 4067
: By SERWVA

Lug Pl /ORATN NOTES -
—TP FiLL/ ORAIN -
ECS PAD CONNECTCR

LAUNCH PAD POWER

1 {200 BeaLE
. CHIS ‘i oo 400 u;n -oa '°.°’ 1200
FEET o 0 40 & 80 100

Figure 3-2. Boo ster /Orbiter Launcher Interfaces

E-5,6 .
SD 71-127



=7 T SIDE LOAD LINK

* ORNG LINK BETRRCT RCTLATOR (2)

] L_,--_}.-—-—-sEFHEH’ﬂoN ALRVE
- FERGMENT CONTRINMENT COMER

4 /—mssrou Lonme

a0

TEMSION LINK
({omnmER SECTION~

!

| A-7 5 (0@)

[
i

SELF CONTRIJED PUELMATIE ,
o LANT WITH HYD. SUUBBING _
: . I\ STOW DXEECTION. vew ) STOWED WITHWA OEBITEE)
TENSIDM AND DEFG LINK END FITTINGS | 10.0 DV BORE = 36.0. STEOKE SAE vi0 ™ .
REE PETERCTED WITHIN - 4 ; :
OUBITER. FOLLOWIVG STRGIMG.
LINKS REE MOUMTED 00 FE EOMMOMTFYA) VEHICLES . . ” e SEPAERTION PLRINE
DERG UMK SFHERICAL SELF-FLIGN BERBAKS | o . I
SEPRIERTION FLANE DEAG LIk (4} ‘
\ TEUSIOM) LIMK 2) EACH
e FERGMEMT CDNTRWIMENT GOVER i \\mzruuc BT
SIDE LOAD-LINK-MRTED FLIGHT . H
50 DIRSPHERE IN OEDITEE HOLE. )
DEAG LK r‘— i\ - )
DEeAG LINK e,
mrmumaur PN TENSION LIUK
TENSION [INK 00 DR .6 WRLL (] . N J: {BOOSTER SECTION)
- - S e im o
. f aepITEE - view B
_./ N y SCALE. 1/i0
240 -
! WL.6K.0 +
AN aummltﬂ W.L.G00.0 S -4, 3 )
- ! FAD SIDE LOAD <.
_. — TR T R ——
phin - . e - - | =
3\ e = T g —
_SPENNS LORD - HYD BRTE ] i e~ 4
e B ‘ t
B i | S :
: - - [ o el R L 2.7 WILIG FEE
' FEOM INCONEL 18 HERT EESISTRIUT ALLOY: -
THO DIE W90 WALL TUBE AL ST RETURTORS, EXPRAUSION OLILOER
PITH SIDE UFD LINRS, RTTRCH BOLTS AMD
- T Lo BEFENNCS. L. OTHEE: STRLCTUBRL. MEMBEES FRE.
e . MRULFRCTUEED FEOM Ti-6R1- 4V.
EXPAMSION CYLINDER ———— { 1 BAOSTER / OEBITER. INTERFRCES 1wWG
SDE LORD LINK-PRTED FLIGHT HYDBRULIC - FIXED QFICE. ) Z%0200
5.0 DAl SPHERE N OEDITEE HLE. /00 BOPE 4 3.5 STROKE :
—_ - o T ) T 4QDMR LOWRLL TUBE. ) NOTES:
RFT LINK BETRRCT HETURTDR(2) / comTm o MRt - ) o
- § YoeLLES SELF DOMTRINE D FEUMATIC T \
WATH HYDL. SULIBSIANE
O D BOEE ¥ 38.0 STIDE " .
LINK RETERCTION FCTURTOE. (3) . =7
MG LOMD - HYD. RATE (OMTEOL . . / —_
S lﬂFTUNKJEmlm PLRVE ————_ _ R / / - | . /_, :—? |
- LOMPEESSION LNK{2) any ) . -
a0 DR ' — L / [
. COMPRESSION Lk RICAL SELF-ALIGN //‘ TTTET wL &0
_ m_______i'mm e T LINKLE) (’/ ‘ / A -:lj -~ / / /i )
T - BPE S5 0N LINK(E) EMDH - . - e -
\} - . o \ —— L - N
3 : N P - ]
T et | i g T ' N ‘
7 ‘ ) N -— ) o i Snideid _ 0 Tmev e e e s e
. 340 s - !
—fy _—TEND, N = r
. - —_— - WL B0 { 3 SAPTORT FITTINGS REF — [ — ___+3 _ A
' — g WLEDIT— DOGSTEE ¢ RETRACFED APT Lk L — WL GOS 4 —_— o —
i +‘1 - COuTOLE JE )
k- .
i AL 1/E00
- Q- m.m:mum:mmr .
L6 COMPRESSION AV SIDE LORD mm"zmn F
QUENOE TS " ipure 3,2-2. o] i i .
gu . B osterIQrbzter Mating and Separation System

A-7,8

(c)

'S'D.TI;.IZ'!



6~V

Lel TL US

. f
{
! i
]
[
J
. ! BOOSTER 8-9U [
| BOOST PHASE ; -
\ '
SEPARATION SYSTEM ‘ ;
. LIMIT LOADS ! ) %
wf |
i i
| é ?i
E Fy Fz AY‘ E A, My !
" CONDITION wiND  |ips)|kips) [(kips) | (kips), | (kiPs)|ix 10® IN-LB) ‘
TWO-WEEK GROUND WINDS, HEAD w8f 0 | s6.9| o |[-33.0 0 {
UNFUELED, WiTH TOWER TAIL 28| 0 [-119.0] 0 {490 0 ;
SUPPORT SIDE 268 +98.5 ] 28.8[+30.2 | 34.9| F17.1
ONE-DAY GROUND WINDS, ' HEAD B59] o | 95.2] o | s27 0
FUELED, WITH TOWER TAIL gse| o | -0.1| o || 1610 0
SUPPORT SIDE B59 [+53.3 | 80.0(+16.31| 99.5{ 39.28
[
ONE-HOUR GROUND WINDS, HEAD 859| 0 89.5| © 76.5 0 H
FUELED, UNSUPPORTED - TAIL 89| o | 30.0| o ;|138.0 0 :
' SIDE 859 [+33.3 | ‘eo.0f+10.2, | 99.5] . 35.80 :
DYNAMIC LIFTOFF PLUS HEAD im o | ns.of o ||134.0 0 a
ONE-HOUR GROUND WINDS TAIL 295 o 82.2] © 182.0 0 :
SIDE - 296 |+20.5 | 121.0| $2.92| 150.0|  34.14 .
!
MAX a-g  @-q = 2800 HEAD 798| o | 2248| o |j23s 0
a~q =-2800 TAIL: 1804} © 83.0{ 0 ||950.3 0° '
_ NOwiND|B08| 0 [ 137.4] o ] e25.6 0 !
MAX f-q  +2400 ' SIDE heo2[:81.2 | 128.8] 11668 653.7[ 7723
IgMAX | Ng=3.3 N.=0 N, =-0.35 28] o | 1ms.2| ol [4eas] o b
THRUST Ny =3.3 Ny =$0.1N, = =0.25 2849 [+55.4 | 179.3| 230.7} 394.5| @ ¥7.8 o
BOOSTER | Ny=3.3 Ny=0 N, =-0.4 20| o | e29] o]|ase0] 0 \ L
BURNOUT | N,=3.3 N =30.1 N;=-0.36 2841 [+55.4 | 118,3| 130.7] 428,0 7.6 i
' I
b

Lo . © Fig 3.2-3




l& WL

Lol

01~V

LOAD (POUNDS x 10%)

1800

1600

1200
1000
800
400

- 400

200

-200
~400

=500

i .
; I |
o |
b T :
| | -
1 % '
i ' [ i
P i
| t : E i‘ .
1 : :
. { o
O I —1 ENGINE OQUT ;
| !

|

START MOTION
ON LINKS .

NORMAL
STAGING f
4

1 ORBI

TER ENGINE OUT .

MAX q -1 DEGa

- POST-LIFTOFF
[B—
[ AD FLYAWAY |
— | o
o S |RUN 608A i
- ; ‘ \ . . " 1020
L 1200
| | . e 552 _
; | i 1011A .
[ ¢ i o i - 1010A ;
. i 1 ; b !
— : it .
1 S
I B S LA
0 pes o, 1.5' 2,0 -
| TIME(SECONDS) | \
: . H . \ Fig 3.2"4
! B o . .
[ '
1 ! ;
H Ly B
] §
' ! i [ P
3 | ? G
ﬁ ‘ I
i P
' ; I' i




« L21=°1L AS

18 G "

LOAD (POUNDS x 103

400

300

200

100

~-100

~-300

A ,
il .
| . 7
i
\ |
‘ |1 ENGINE OUT :
- START MOTION |
ON LINKS L
NORMAL
~ ~N POST-LIFTOFF
; " MAXq-1DEGa |
——— . hd / 0 SR
\ 4
i
| PAD FLYAWAY
| } RUN 608A
! | 1020 |
! | 1200
L | i : . 552 ‘
i ! | 2% 1010A | o
| | o I
! ! } : .
I IR} | % | [ ' B
| FLN | SRS N1 W L
E 0 . 0.5 ' { . ! | :l-o 1.5' 2.0
. . ’ I t .
;  TIME (SECONDS)  * P
| SRS B b Fig 3.2-5
3
i
| ?




* L21-1L as

21-V.

LOAD {POUNDS x 10%)

. i ;
‘ . { j
‘ | .'
| ; :
0 —
‘ ! )
! i
300 |- START MOTION. | |
ON LINKS | Y
" =
» :
&:
100 |- }
I ' i
| ! ? i
0 : - : |
I .
: |
oy | |
-100p— IS
PAD FLYAWAY ) .
P I ' RUN &08A
“200 [ NORMAL ol : 1020 :
E S ' 1200 g
POST-LIFTOFF L , prad !
G o 1011A '
- i ;
30 } ENGINE OUT | : ; : 1010A |
I . . ‘ .
a1 | ‘ 0 ‘- :
‘ ‘ . |
' 1 : ' ;
R ) I | ] : .
MAX q -1 DEGaFr | . o
-500 l | C :
0.8 . ;Lo 1.5 2.0
TIME (SECONDS) |
‘ ‘ 3.26
» ._
| ;




L21-1L 4GS

e1-v

LOAD (POUNDS x 10°)

- NORMAL STAGIN

NI . %-
‘ | i ! ;
I| 1 i :
0! ! !
| ‘ !
| | é
’: 1 ]
{ .
| | . ;
, ] 1‘ ] { H
START MOTION f LN /A‘ :
- ON LINKS { | \
T~ | N\t
\ |< =r
1 ENGINE OUT | \ - ' -
N MAX q -1 DEGa

POST-LIFTOFF

PAD FLYAWAY

RUN  60BA
; 1020
: ! ; \ i 1200
| ! i 1011A
S g 10104
, NI T N -
. I ' ' I F i
. [ L o
: 0 | |
0 ; 0.5 b 1.0
! - TIME (SECONDS) i
! ‘ 4




500

400
300

200

8

Al

LOAD (POUNDS x 103)

~200

o

NORMAL

wy

‘ T ! |
! o : !
1 f
i ' |
I | ;
i : I : X -‘
i | ;
I~ .8 A ‘
——— ! o o !
\ \ , ‘[ ; ! e f;
' | o 4
1 i\ ( L= !1
T — X
START MOTION \\ (
" ON LINKS | \
' 1ENGINE OUT \\ _
2 S | I
wolsec \ | :
| n-1DEGa i

-LIFTOFF |

PAD FLYAWAY

| \ RUN 608A
oo 1020
: { ) P 1200 ‘
’ ; ! \ 552 f
1 : ‘ 1011A
1 ; - 1010A
{ 1 L
1 : 1 L\
0.5 : 1.0 1.5 2,0.
TIME (SECONDS) P -
: ' E _ Fig 3.2-8




Fig 3.2-9

<<

1400 p—————

1
]

"MAX g -1 DEG o

START MOTION

ON LINKS

/1 ENGINE OUT

POST-LIFTOFF
PAD FLYAWAY

NORMAL
|~

~
™

i

180 SEC

Q
=]
o~

<

100 o

100 [—

(01 ¥ SONNOJ) avO1

-
i

A-15

e e e L - - — e e e e O - -
=R llm -
[ v B B o B
OO&0OoOo
W e o AT) e -
z
2 —
. (=]
- S i e e — - gl
vy
- ——— — ——e Y- - R - - - O
N -
O
e e e O
[FY )
P [, — —_ R, R
_ _ _ _ __ - - o e s e e —_ P s St
) wl
-
[—— - I - = [ —— - p— - B
ol

+200 —
£300 —

SD 71.127



« L21=1L as

91-VvV

: 8 : :
! *[ ; ! H
l 1 i ?
| i | |
| | I R 5
800 1 ENGINE OUT T ‘ |
1600 e |_—~NORMAL STAGING & 180S
400~ 1 |
1200 |- e START MOTION: ‘
| ON LINKS )
oo =~ T |
800 [—
A e MAX q +1 DEG a
X 400t -
2 | POST-LIFTOFF
S 200 - , .
e g
Q !
0 -
2 7 &
5 PAD FLYAWAY' |
= -200 p— }
-400 }— |
~600 [— | j RUN  608A
| i 020
~800 — | o 1200
f i i o 552 |
_ . ‘ 3 o L 1011A
1000 , . o loloa
: i [ : '
~1200 {— | . | ‘
| i . ;
A L] LA
0 Los I R 1.5 2.0
: 1 4 TIME(SECONDS) | N
i i ! CoL L ' Fig 3.2-10
! ‘ i i ; :
; | |




L21-1L ds

LI-V

LOAD {POUNDS x 109

" 400

300

200

100

-100

~200

\ POST-LIFTOFF

A&B

A

\

o

A , LA E
: | .
_START MOTION | | \P’-/.. \P{./
~ON LINKS <

e — 7— -— ~~Y/ I

gﬁ'}'G'NE |>\ \\ POST-LIFTOFF

O C
I™~NORMAL

T

PAD FLYAWAY

RUN 608A
1020

1200
552
1011A
1010A

0.5
TIME

(SECONDS)

o,

Fig 3.2-11




L21-1L as

BI-V

LOAD (POUNDS x 10°9)

1400

1200

1000

800

o
8

&
S

g

-200

-1000 t

=1200

START MOTION , B,

-\\

1 ENGI
ouT

ON LINKS

v~ <<
NE N |

N

| .
MAX q -1 DEGa

POST-LIFTOFF

NORMAL STAGING

RUN 608A
1020
1200
552
W011A

1010A

TITE (SECONDS)
|
|




L21~1L gs

61V

LOAD (POUNDS x 10%)

500
400
300
200

100

8

-200

’ ™~
- START MOTION
ON LINKS
1 ENGINE,
-—w__-.

v

MAX q -1 DEG

|~ POSI-LIFTOFF

PAD FLYAWAY

\ RUN 408A

‘552

1200
1020

1011A
1010A

1L

0 | 0.5

TIME (SECONDS)

1,0

1.5 2.0

Fig 3.2-13




3.3 Propulsion

Booster maln engine/vehicle systems performance shall be {n

accordance with 13M15000B Space Shuttle Vehicle/Engine 550K(SL) Inter-

__face Control Document. The Booster Vehicle shall provide all propulsive
Power to the Shuttle Vehicle from lift-off to stage separation. The separa-
tion thrust/time history and sequence of events for normal separation
staging shall be in accordance with Paragraph 3.9.1. Booster Vehicle -
shutdown impulse shall be controlled at nominal staging to prevent ‘
recontact of the vehicles,

For nominal separation conditions, the Booster and Orbiter '
Vehicles shall be capa.ble of separating under the followlng conditions:

a. Loss of thrust or thrust vector control from one or two
Booster engines,

b. Loss - of thrust or thrust vector control from one Orbiter
engine. ‘

_A _signal from the Booster L. r__LHz_d.epleti.on_sensars_shall

‘normally initiate the Booster/Orblter separation sequence.

3.4 Flight Mechanics

3.4,1 Acceleration .

Maximum axial acceleration of the mated Shuttle Vehicle shall not
exceed 3 g's. At no tlme during the separation maneuver shall the Orbiter
axlal stead-state acceleration drop below 0.2g at the engine sumps. This
requirement is volid if the Orbiter engines have not been able to achieve
ignition. '

3.4,2 Dynamic Pressure. | .

Maximum dynamic pressure (q) shall not exceed 576 PSF.
Maximum qer shall not exceed + 2800 PSF degrees, including during abort
separation,

3.4.3 Staging Envelope. ' .

The booster Vehlcle shall be capable of boosting a 900, 000 pound
Orbiter Vehicle to an altitude of 232,500 + 7,500 feet, to a final velocity
of 10,750 + 150 feet per second at a flight angle of 6 +1 degrees along any
azimuth with a single engine out, . '

A-20
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3.4. 4 Separation System Performance.

" At the nominal staging point, the Booster Vehicle shall be capable
of reléasing a fully-functioning Orbiter Vehicle at a prearranged attitude
(pointing vector) + 2 degrees about all three body axes, The Orbiter body

- rates at release 'shall be 7- + 3 degrees/second in p1tch and Zero + 2 degrees/

" gecond in roll and yaw. ' L

Under these nominal conditions, the minimum axial clearance
between the Orbiter main engines and the Booster hard structure shall not
be less than 35 feet; the minimum vertical clearance (between sklnlines)
shall not be less than that at the mated position.

At any point on the ascent trajectory, the Booster Vehicle shall be
capable_of safely releasing.a fully-functioninngrbiter—_Vnehicle—Within 5,0 ..

second from an Initlate-Separation signal..

The elapsed time from the Initié.te“—Sepa.ra.tidn Signal to 1000 feet
- "~ ~{vector-sum) clearance shall fall within the envelope given in Figure 3, 4-1.

Under extreme emergency conditions (e. B s imminent explosion
' necess1tat1ng immediate termination of Booster thrust), the Booster

e

~===-—Vehlcle shall be capable of safely fTéleasing a nou-thrusting Orbiter

Vehicle within 1.5 second and attaining zero thrust within 3,0 second of
an Emergency Release Signal.

3; 5 Aer odynamic Characteristics

3.5.1 Post-Separ“ation Interference Alrloads.

The alirload sustained by each vehicle shall account for interference
effects and shall be coordinated.

3,5.2 Acoustics and Buffetting.

The Booster and Orbiter Vehicles shall be designed to withstand the
acoustic environments on the launch pad and during mated ascent as shown
in Figures 3,5-1, 3.5-2, and 3.5-3, Noise sources include the rocket
englnes and various aerodynamic sources such as boundary layer turbulence,

eeow—.0Bclllating shocks, boundary layer shock interaction, and separated flow.-

Translent effects due to staging or abort conditions are not included.

Figure 3,5-1 is a plot of overall sound pressure level (OASPL)
at launch as a function of Booster vehicle station, measured from the exit
plane of the rocket nozzles, Flgure 3.5-2 comprises a plot for various
Booster Vehicle stations of 1/3 octave band sound pressure levels
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{1/3 OBSPL's). The effects of launch pad geometry (Kennedy Space Center
Launch Pad No. 39B) and vehicle surface reflectlon are included. The
launch noise level shown in Figures 3.5-1 and 3.5-2 are valid for approxi-
mately 8 to 10 seconds after liftoff, at which time they will have decreased
by about 3 db, At about 15 secon&s, the noise levels will have decreased
another 3 db since the vehicle will be at an altitude above 1000 feet and the
nolse radiation may bé considered as effectively spherical rather than
hemispherical, which is the case while on or near the ground place. After
15 seconds, the rocket noise on the vehicle will decrease with altitude as a
function of the reduction in the characteristic impedance of the atmosphere,
i. e., density times speed of sound. When the local flow velocity reaches
Mach 1, rocket noise will not be propagated forward on the vehicle.

Figure 3.5-3 shows aerodynamically Induced pseudo-noise during
ascent of the vehicle, at maxlmum dynamic pressure.

s 3,6 Therm-il Characteristics

i e e e e e e v o e ra e e e ke s e

: Computations of thermal interactions between the Booster and
... .Orbiter Vehicles shall be based on the Booster/Orbiter configuration shown

re-3.2~1, The ascent trajectary on which heating environments are. .

_ ba.sed shall be consistent with the flight mechanics constralnts delineated
in paragraph 3.4,

3.,6,1 -~ ~Launch Pad Thermal Interaction : - e T
The exterior surface of the Booster and Orbiter Vehicles shall be
maintained within the temperature range of 33 to 86 F for an effective surface

emmittance of 0. 85.

3,6.2 Agscent Thermal Interaction

, The surface temperatures and internal thermal response of the
Booster and Orbiter shall be based on the thermal interaction influence of
the surface temperature histories as presented by Figures 3, 6-1 through
3, 6-8 for surface emissivities of 0. 85 and 0. 80 for the Booster and
Orbiter, respectfully. :

~———=-~3;7° — ~ Guldance and Navigation '~ & e mm e e

During the mated ascent phase, the Booster Vehlcle shall perform
__all guidance and navigation functions to control the mated Shuttle Vehicle
along the desired trajectory until complet‘lon of Booster/Orbiter release.
The Orbiter Vehicle shall perform similar guldance and navigation com-
putations as a contingency backup to the Booster Vehlcle. Two-way volce
and data communications, as defined in Paragraph 3,10, 1, shall be provided -
Following abort separation, both vehicles shall be capable of continuing
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Figure 3.6.2 Booster Surface Temperature (STA 1460)
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Figure 3.6-3 Booster Surface Temperature (STA 1805)
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along an altered ascent trajectory until burnout, subsequent reorientation,
reentry and flyback to the launch site or a designated alternate emergency
landing site. This recovery requirement is void if the particular damage

._ __ _sustained (which may have necessitated abort separatmn) shall subsequently
preclude vehicle recovery.

3.8 Flight Control

" 'Mated Shuttle Vehicle flight control functions shall be performed
primarily by the Booster main engine thrust vector control (TVC) and,
possibly, the Booster aerodynamic surfaces. The aerodynamic surfaces
of the Orbiter Vehicle shall be trimmed during boost to the minimum drag

position unless needed to actively suppress integrated vehicle loads. -

3.9 Separation Sequence and Maneuvers P S

3. 9. Separation Sequence

. __Normal separation shall be accomphshed to the t1rne11ne shown in
gm'_e_.’i._‘?_ 1...The.normal separation sequence-shall be-as shown-in

e e e e A

Figure 3. 9-2. The separation sequence shall be adaptive to prevailing
conditions at any. point along the ascent trajectory where separation is to
occur. The Orbiter Vehicle shall provide parallel-redundant separation
“commands to the Orbiter interface to provide all separation functions. As
long as Booster-Orbiter communications are intact, the separation sequence
shall be slaved to the Booster Vehicle as the master controller. In the

event that Booster-Orbiter communications are lost, the sequence adaptation
shall cease and the last sequence update shall be used by both vehicles. In
the event of Booster incapacity, the Orbiter Vehicle shall assume the master
controller function. The separation sequence controllers shall be in accord-
ance with 76Z 0548 Specification for Software, Airborne, Separation Sequences.

3.9.2 Post-Separation Maneuvers ' e

The post-separation maneuvers of both vehicles shall prevent re-
contact, To provide for a desired Booster pitch up angle after separation
" and prior to the recovery maneuver, a 2 degree/second pitch up command
ST T ghall be preprogrammed . 50 seconds after initation of the separation
sequence, For the condition with neither Orbiter engine operating, a
larger Booster pitchup angle is required to provide sufficient clearance
between the Orbiter and Booster tail, This shall be accomplished by pro-
gramming an additional Booster pitch up command concurrently w1th the
release of the vertical links.,

In the event of abort separation, post-separation maneuvers shall
have as an objective to maximize intervehicle separation distances, During
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post-liftoff abort Booster thrust shall be sequentially increased to 100% to
provide required separation energy, reduced to 55% for tail clearance and -
increased back to 109% to provide for recovery. The Orbiter Vehicle shall
_be preprogrammed with a 2 degree attitude and a 4 degree/sec pitch rate

at separation to ensure adequate separation distance. -

For max-q abort Booster thrust scheduling shall be similar to
post-lift except for timing and Booster thrust not exceeding normal power,

- - - -~ -To account for wind effects the Booster Vehicle shall be programmed to
weather cock te maintain a & of 1/2 degree. The Orbiter engine gimbal
controls shall provide for a 7-degree hardover command for 5 seconds after
separation. ' '

To prevent exceeding the 3fg'1irn'1t on the Booster and/or Orbiter.
during abort 180 seconds after liftoff, four of the booster engines shall be
shutoff and the remaining reduced te 50% thrust. To achieve required

separa.tmn clearance 6-degree Booster and 10- -degree Orbiter attitudes
ata 2 deg/sec pitch rafe shall be preprogrammed. - .

3 9 3 Electrlcal Power

-

Both vehicles shall redundantly to each other provide 28V DC
electrical power to fire sixteen deployment squibs. Both vehicles shall,
-~ over paths separate from the-above, supply redundant 28V DC electrical
power to fire twelve release squibs. In addition, back-up of electrical
power paths shall be prov1ded to burst the separation/mating links in the
event of a failure,

3.10 Communications

3.10.1 Hardline Communications

o ~  Three hardline communications links shall be provided between

‘the two vehicles while mated, as defined in Figure 3,10-1, Each link shall "
be cabled and terminated separately from the others, and each shall consist
of four twisted wire pairs, each pair being shielded.. Two communications
links shall be incorporated into one of the two front drag links of the Booster/

wemee e ———-Oprbiter Mating/Separation Subsystem previously defined in Paragraph 3,2,

~ and the third communications link shall be incorporated into the other of .

the two front drag links. '

3.10.1.1 Data

Two of the four twisted pairs in each communications link shall be
utilized to provide two-way simplex data interchange as specified in Table
3.10-1 (TBD). The data transfer in either direction shall be provided by the
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originating vehicle at a rate of 5 KB/second maximum, The format of the
data to be transferred shall be established by the originating vehicle.

3,.10,1.2 Voice

S Two of the four twisted pairs in each communicétions link shall be |
utilized to provide two-way duplex voice as specified in Table 3,10-2.

TABLE 3,10-2 HARDLINE TWO-WAY DUPLEX VOICE

input Impedance (Microphone)  Balanced 600 + 60 ohms at 1 KHz
Frequency Response 300 Hz to 3 KHz , flat within 3 db
Isolation . - (1) 52 db minimum between channels

(2) 46 db minimium between migro="T
phone and earphone lines.
Attenuation - 1 db maximum in the frequency
~___ range from 300 Hz to 3 KHz '
(1) Microphone Line: from -30 dbm
to + 15 dbm o
- (2) Earphone Line: +20 + 6 dbm

nominally

Input Signal Level |

Internal Noise T 1) -42 dbm maximum nominally
and during max vibration levels
shall not exceed -27 dbm

e (2} =27 dbm maximum under maximum -
vibration levels

3,10.2 RF Communications

3.10,2.1 Voice.

RF communications between the Booster and Orbiter Vehicleé shall
be provided by UHF two-way simplex voice utilizing the following frequencies:

(a) Booster to Orbiter - TBD (225 - 400 MHz)
(b)  Orbiter to Booster - TBD (225 - 400 MHz)

The equipment used shall be that used for communication with
ground stations. :

3,11 Vehicle Inter-Control

3,11.1 Control by Booster Vehicle

. The Orbiter Vehicle shall be capable of reqeix}ing,, and responding
to, the following command and control signals transmitted from the Booster
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Vehicle via the data interchange communications defined in Paragraph 3.10. 1.
No action by the Orbiter Vehicle crew shall be required to implement these
commands and controls: |

(2) Main engine ignition

(b) Thrust Vector Angles (each engine, open loop}

{c) Thrust Level Commands (each engine)

(d) Aerodynamic Surface Deflections

(e}, Short Term Guidance Commands

(fY ACPFS Commands

3.11,2  Control by Orbiter Vehlcle
The Booster Vehicle shall be capable of receiv‘ing, and responding
to, the following command and control signals transmitted from the Orbiter
. -Vehicle via the data interchange communications defired in Paragraph . .
3,10.1. No action by the Booster Vehicle crew shall be required to imple-
ment these commands and controls: . '

{a)...Main engine ignition_

(b} Thurst vector angles (each eng1ne, open loop)
{(¢) Thrust level commands {each engine)
(d) Aerodynamic surface deflections:

T ~——"—(e) . Short term guidance commands -~ ~~ 7 T ' —
(f) ACPS commands

3.12 Status and Performance Monitoring

3.12,1 Booster Vehicle

The Booster Vehicle shall be capable of momtoring the Orbiter
status and performance data defined in Paragraph 3.14.2. Such data shall
be made available to the Booster Vehicle via the hardline coﬁununi.c;ations
link defined in Paragraph 3.10.1,

3.12.2 ~ Orbdbiter Vehicle

The Orbiter Vehicle shall be capable of monitoring the Booster
status and performance data defined in Paragraph 3.14,1. Such data shall
be made available to the Orblter Vehicle via the hardline communications
link defined in Paragraph 3,10.1,

3,13 Contingency Operations

3.13,1  Abort

A-41



Means shall be provided in both the Booster and Orbiter Vehicles
for manual and automatic initiation of the autorhatic abort sequence(s) as
determined by the abort criteria defined in Paragraph I, 1.1 of Appendix L.
___Automatic abort sequencing shall be verified in both the Orbiter Vehicle
" and the Booster Vehicle. Manual override of the automatic abort sequence(s)
= - - by the flight crew of either vehicle shall be provided. This capability shall

be limited such that the crew of either vehicle can only exercise manual
‘override of the automatic abort sequence(s) initlated by the vehicle they
occupy. The capability shall dlso be provided, on both the Booster Vehicle
and the Orbiter Vehicle, to initiate the separation sequence automatically
by the on-board computer or manually by members of the flight crew. The
- - hardline data interchange link defined in Para.graph 3.10.1.1 shall be used

A_Winihatiom of the separatton“sequence. ,

- 3,13.2 Emergency Detectlon
S Identification of malfunctions, requiring abort, and the abort '
. signal resulting from either manual or automatic abort initiation shall be

transmitted from the vehicle initiating such abort to the other vehicle in a
form suitable for simultaneous display in the cockpits of both the Booster

" and Orbiter Vehicles.” These signals shall be transmitted via the 2-way .
data interchange 11nk de£1ned in Pa.ra.gra.ph 3 10 1.

. .. - ..3,13.,3 . Caution and Warning Signals - - : ‘ e

" Caution and warning signals shall be transmitted from the initiating
vehicle to the other vehicle in a form suitable for simultaneous display in the
cockpits of both the Booster and Orbiter Vehicles. These signals shall be
transmitted via the 2-way data interchange link defined in Paragraph 3.10.1,"
3.14 . Data

3.14,1 Booster Vehicle

The Booster Vehicle shall provide, to the Orbiter Vehicle, the
. data specified in Table 3. 14-1. . c— o

- 3,14.2  Orbiter Vehicle e

The Orbiter Vehicle shall provide, to the, Booster Veﬁlclé, the -
data specified in Table 3.14-2,

3,15 Interstage Grounding

_ The Booster and Orbiter Vehicles each shall meet the grounding ._
. requirements of MIL-B-5087, The ground shall be carried through the
communication link physical interface shown on Figure 3.2-1.
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TABLE 3.14-1 DATA PROVIDED TO THE ORBITER VE}HCLE BY BOOSTER VEHICLE

OPERATIONAL MODE/PHASE
8
L 3
 Data Items - g1 .. g 2 g 2 a
f [ | 53 | §% 2
g |8 g &3 :
3 - Alg.. ) A& A
Emergency Detection _
. |~ - Main Engine Status X X X
Control System Status X X X
Fire Detection X X - X - X X
Major Propellant Leak X X X X - X
~ Explosion .- T R S P — XX P —
Fail-Safe Level Static X X - X '
Caution & Warning
Operational Data
_Air Data (g, 8, 9, Mach,a,8,9) | X X
- Main Engine Thrust & TVC X X
Control System Data X X
Guidance Data (Altitude X X
Attitude, Wind Data, Gust
Data)
A-43
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TABLE 3.14-2 - DATA PROVIDED TO THE BOOSTER VEHICLE BY ORBITER VEIHICLE

OPERATIONAL MODE/PHASE

A-44
<Py 71 127 °

g
S
o Theins 21 . g8 g 8 E,
Data Items B | 3 § o 2
2|l | 74 5 3 2
o I B - -
> 1> (P! -~ =%
- - Emergency Detection AU . ,
Main Engine Status X X X
Control System Status X - X
Fire Detection X |X X X X
——— | Major Propellent Leak X XK= —X— —X———|— -
Explosion X {X. X X X
Fail -Safe Level Static X . X X
Caution & Warning
Operational Data
Main Engine Thrust & TVC X X
Control System Data X X
ACPS Thrust X X



4, INTERFACE DESIGN CRITERIA

4,1 Environmental Conditions

oo . Design of the interface(s) between the Booster Vehicle and Orbiter
Vehicle shall be based on the requirement that the two vehicles be capable

- of operation in the natural and induced environments specified in Paragraphs
3.2.7.1 and 3.2,7.2 of the "System Specification for a Space Shuttle System, "
except as specified in the following paragraphs of this section.

4,2 . Ascent lFlig;nt Aerro-dy'ﬁa..rnics

" The mated configuration aerodynamic characteristics with inter-

ference effects included, are given'in Figures 42-:1 ‘through 4.2-8.
4,3 Timeline

' The timeline for Mated Fllght Ll.ftoff to Sepa.ra.t:.on, shown in
- Table 4.3-1, shall be used as the baseline for ascent performance studies,
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1L d

Lel

iT able

!

4,3-1 Mated Flight, Liftoff to Se
. : |

C

|
FUNCTION

f
|
i
i
!

paration,

Initiate Complete Duration . :
f _ NUMBER I;f‘UNCTIC)N, SUBFUNCTION,
D H M § D H M S8 D H M S (FROMFFD) OR EVENT TITLE
g0 00 00 00 00 00, D3 04 O00: 00 03 04 1.1 Perform matled ascent (starts with llftoff)
00 ! 05 \ 05 1,1,1 Perform 1nitia1 ascent maneuver
-06 00 BV ignitmn (instant of)
00 , 00 Liftoff {instant of)
00 o 00 ; Full thrust achieved (instant of)
00 05 05 Lo Control vehicle to vertical
05 17 12 .1.2 Perform roll maneuver
i0 .30 . | 20 1.1.3 ~ Perform pitch maneuver
30 03 04 . 02 34 1.1.4 ' Maintain ascent profile
30 03 04 02 34 | Maintain gravity turn (pitch program)
01 05 , 00 : Max g (instant of)
02 20 ' 3 00 ' 3-g max axial load (instant of)
02 20 i 03 04 : 44 Maintain axial load 3 g
03 04 | 03 08 k 1.2 . Perform orbiter/booster staging :
' ' g il.2.1 . Sense booster propellant depletion (instant of)
' {Details TBD) ) i Sense oxidizer depletion
S . Sense fuel depletion
\ | , Stgna.l to l?CM (data control
B& S j; and mgmt)
i1.2.2 o Configure vehlcles for staging
i , ; Initiate staging sequence, booster
5 - and orbiter
) | Booster mra.lntalns mated- vehlcle
i L attitude
! 11.2.3 !
| .

Perform septration
Releasge hold down link

Perform physlcal separation (motion (
of Hnk) i:




APPENDIX I — ABORT INTERFACE REQUIREMENTS

1.1

1- 1.1

Operational Abort

Volce and Data

The Booster computer shall be the command center for abort

during mated ascent. The computer shall monitor Booster and Orbiter sub-
system fallures, generate automatic and manual abort signals, display abort
conditions to Booster/Orbiter crews, and control automatic abort initfation
commands. The Booster computer (with backup provided by the Orbiter

computer) shall establish vehicle capabilities and the required abort separa-

tion timing to remain within these capabilities, Automatic abort initiation
shall be provided for those failure situations in which manual response time
is not adequate to provide a safe abort separation; the use of automatic

_abort initiation for separation is a function of the nature of the failure and
the time from liftoff at which the failure occurs. Abort initlation shall be
provided for the following conditions: ‘ '

’a.l_ Manual-abort- separatiomsignalior lossuafusrtticaksub&ystemuw__—__

to fail-safe level, if time permits; otherwise, the computer
shall provide an automatic (back-up) abort separation signal,

Tt T 7(h)  Manual miission abort for incapacitated crew or passengers.

1. 1.2

(¢) Manual abort separation signal for leaks/fire/explosions
in the (TBD) areas, if time permits; otherwise, the com- .
puter shall provide an automatlc (back—up) abort separa.tion
signal

Control

' Following the separation sequence, thé Booster and Orbiter con-

trol systems shall maintain control during an abort separation maneuver to
prevent recontact of the Booster/Orbiter stages and to allow a safe recovery.
The control system shall be capable of operating within the baseline design

flight envelope for abort which is from the start of booster ma.in engine
" {gnition sequence through normal stage separa.tiom '

1.1.3

Loads

For abort conditions, the Booster and Orbiter design ultimate

structural loads shall not be exceeded either during or subsequent to the
separation maneuver as a result of the separation maneuver or sequencing,
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1.1, 4 Definition

Aborts during mated flight shall be categorized on the basis of
whether the failure causing the abort is critical or noncritical,

(2) Critical fallures are those functional fallures for which
continued mated flight to Booster propellant depletion is
not advisable and the vehicles are required to separate
early,

(b) Non-critical failures are those functional failures for which
continued safe mated flight to Booster propella.nt depletion

s advisable, "~
The abort performance requirements for critical fatlures are (TBD).. . For
__non-critical failures, separation shall be accomplished within the control

and structural design capability for the baseline design,

1.2 - Development Flight Tests Abort

"1.2.1  Voilce and Data

~ The Booster/Orbiter command pilots shall have a volce link
<« --during.the mated development flight tests, The Booster computer shall be
the command center for intact abort during ascent for critical and non-
critical failures. The Booster command pilot shall initlate crew escape
with ejection seats for catastrophic vehicle fallures.

L (a.]- Manual abort separation signal for explosions/fires/leaks
oo 7" . _.._ in the (TBD) areas, if time permits; otherwise, the com-
puter shall provide an automatic (back-up) abort separation
signal.

i. 2,2 ‘ Performance

" The ejection seats shall be capable of providing crew safety from
the mated conﬂguration on the pad through Max q (approxirna.tely 60, 000 ft. .
- om - at 2000FPS)., ' ST e e e S e i

A-56

L R N B B



Appendix C
SD T1-127
(MsC 03305)

INTERFACE CONTROL DOCUMENT (ICD)
ORBITER VEHICLE TO SPACE STATION
o ———————{Deleted —Seepage1-of Summary) -z

25 June 19T1

SPACE DIVISION

NORTH AMERICAN ROCKWELI, CORPORATION



TABLE OF CONTENTS

SCCPE

1.1 TECHNICAL INTERFACE

APPLICABLE DOCUMENTS

2.1 SPECIFICATIONS

2.2 INTERFACE CONTROL DOCUMENTATION

2.3 DRAWINGS

Page

3.1 OPERATIONAL PHASES

INTERFACE REQUIREMENTS

3.1.1 Assembly and Launch

3.1.2 Ascent and Rendezvous ’ i

77 3.1.3 On-Orbit Operations
3.1.4 Entry and Laéding
3.2 PAYLOAD MASS PROPERTIES
3.3 PAYLOAD STOWAGE AND HANDLING
3.3.1 Payload and Cargo Bay Envelopes
3.3.2 Cargo Bay-Doors
3.3.3 Payload Venting and Support Equipment Access
3.3.4 Personnel Transfer
3.3.5 Cargo Bay Payload Retention
3;3.é Ménipulator.Arms
3.5;7 Dockfng Provisions

3.3.8 Payload On-Orbit Handling

i1
SD 71.127°

NN N N s e

]



Page

3.6.3.2 Checkout of the Payload

3.4 ELECTRICAL POMER .8
3.4.1 Connectors Between Orbliter and Payload 8
3.4.2 Availability 8
'3.4.3 Total Energy 8
3.4.4 Power Level 9 |
3.4.5 Voltage Characteristics — g—
3.5 COMMUNICATIONS 9
_— ee . ees_3.5.1 Hardline Communications (Attached Payleads) 9.
.3.5.1.1 Connectors Between Orblter and Paylbad 9
3.5.1.2 Avallability S
N © 3.5.1.3 Data and Commands R
'3.5.1.4 Voice S
- 3.5.1.5 RF Coax Transhlssion Line 1
3.5.2 RF Communications (Detached Payloads) iZ i
3.5.2.1 Availabillity 12
- - ---3.5.2.2 - Data, Commands and Voice — ﬁlé,'
3.5.2.3 Tracking aqd Transponding 13
3.6 INFORMATION MANAGEMENT o ;3
3.6.1 Relationships with the Orbiter Vehicle$
Integrated Avionlcs 13
- Himn ee——e———gge o Capacities and Formats S T3
3.6.3 Functions h i5
3.6.3.1 Telemetry Routing 15
15

3.6.3.3 Payload Status and Performance Mon!toringl5

1ii

My ™7 -



Page

3.6.3.4 Payload Data Display 15
e 3.6.3.5 Guidance and Navigation Data Exchange 15
3.6.3.6 Commands to the Payload | 15
3.7 pN-ORBiT GUIDANCE, NAWGATION AND CONTROL ‘ 16
3.7.1 Guidance and Navigation | . 16
3.7.1.1 Position and Velocity Uncertainty 16
3.7.1.2 Attinudehand_AttitudeTRare“Unca:taintym_mw16~WVf4ﬂ————;
3.7.1.3 Cooperative Target Trackling Uncertainty 16
e _._3.7.2 Control L 44;";___.17"__;.
3.7.2.1 Translation Control - 17
- - - - -3.7.2.2. Attitude Control e Y
h 3-.8 EXTEI;JQAL iL-II:UHINE;I'i ONi - . '“’”"‘”i""”;aff‘AM"_"'
3.8.1 Orbiter Vehicle ' 18
" 3.8.2 Payload g
3.9 PAYLOAD-SUPPLIED DISPLAYS AND CONTROLS Y
3.9.1 Connectors Between Payload and Payload-Supplied )
Displays and Controls 18 .
S -mag;sgiungfovisions in the Orbiter Veﬁicle'g R
Personnel Compariment 18
ll. - 'VIN;I;VERI-;ACE DESIGN CRITER‘A e 19
4.1 ENVIRONMENTAL CONDITIONS _ B - 19
4.2 CARGO BAY ENVIRONMENT 7 - : 19 |
o _h.2.1 Purge and Vent . o - .18
4.2.2 Temperature ' 19
4.2.3 Flight Loads _ ‘ ' 19
“4,2.4 Acoustics S 19
4.,2.5 Vibration - 23
k.2.6 Shock iv 23

SD 71-127 -



Page

4.3 OUTGASSING AND EFFLUENTS ‘ : - 23

.4 ELECTROMAGNETIC INTERFERENCE ’ 23
4,5 PAYLOAD SAFETY CRITERIA ' 23
h 4

SN 7?71 12>



1. SCOPE

1.1 TECHNICAL INTERFACE

This Interface Control Document (ICD) specifies functional,
Physical and procedural requirements for the interface(s) between any Orbiter
Vehicle and any Payload from cargo insertion {prior to launch) through cargo
removal (subsequent to landing). It includes design criteria to be observed
in design of the Interfacing equipment in accordance with requirements
specified in this ICD. For purposes of this ICD, the term "Payload" shal)
refer only to Ttems within the Orbiter Vehicle's cargo bay at time of launch.

2. - APPLICABLE DOCUMENTS

The following documents, of the issue- in-effect-on—date-of
original official release of this ICD, form a part of this {CD to the
extent specified herein. In the event of conflict between documents
referenced herein and the contents of this ICD, the contents of this ICD

. shall govern. : : e -

2.1 SPECIFICATIONS

a. Specification No. SS613MO01: System Specification for a

ST e e g hace ShuttTe System. . - —

b, MIL-STD-461: Requirements for Electrohagnetic Inter-
ference Characteristics.

€. MIL-STD~462: Measurement of Electromagnetic Interferenc
Characteristics. . :

d. MIL-STD-704A: Characteristics and Utilization of
Alrcraft Electrical Power.

= 202 - INTERFACE CONTROL DOCUMENTATION

a. ICD No. SR 2.4.4-11188: oOrbiter Vehicle to Space Station.

2.3 DRAWINGS

(TBD)
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3. INTERFACE REQUIREMENTS

34 OPERAT I ONAL PHASES

The operational phases included in this ICD shall be as defined in
the following sub-paragraphs. ‘ .

3.1.1 Assembly and Launch

This operational phase shall be defined as beginning with first
physical contact as the Payload is being loaded into the Orbiter Vehicle,
prior to launch, and terminating with Shuttle Vehicle 1iftoff.

3.1.2 Ascent and Rendezvous

This operational phaée shall be defined as beginnihg with Shuttle
___Vehicle liftoff apq_terminatingrwigh achievement of the following conditions:
a. The Orbiter Vehicle is less than 1000 feet from the vehicle
~or satellite with which it plans to rendezvous.

b.  The-Orbiter Vehicle's relatlve velocity is less.than 5 _
" feet per second different from that of the target vehicle
or satellite. :

. ... 1f_there is no target vehicle or satellite, then such termination
is defined as achieving a stable earth orbit which remains within 1000 feet
7.of the desired orbit for one complete orbit of the earth.

3.1.3 On-0rbit Operations

This operational phase shall be defined as beginning with the
_achijevement of rendezvous (per paragraph 3.1.2) and terminating with the
engine ignition signal for deorbit. ‘ S

o308 Entry and Landing

This operational phase shall be defined as beginning with deorbit
initiation and terminating with last physical contact as the Payload is
being removed from the Orbiter Vehicle subsequent to rollout at the landing
site.

PAYLOAD MASS PROPERTIES

32

Payload weight shall not exceed 65,000 pounds. .
When the Payload is attached in the cargo bay, the Payload's

center-of-gravity (cg) shall lie within the longitudinal cg envelope shown
in Figure 3.2-1( Air Breathing Engines removed). ,
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3.3 PAYLOAD STOWAGE AND HANDLING

3.3.1 Payload and Cargo Bay Envelopes

777 7 Undlstorted payload dimensions shall not exceed a cylindrical
envelope 60 feet in length by 15 feet in diameter, with the exception of.
the payload retention fittings discussed in section 3.3.5.

The cargo bay shall provide a minimum clear volume of 15 feet
In diameter by 60 feet length. Cargo bay dimenslions and clearances shall
be as shown in Figure 3.3-1. :

3.3.2° Cargo Bay Doors

During the rendezvous and on-orbit misslon phases, the cargo
bay doors shall be retracted to allow a 180° lateral field of view as shown
in Figure 3.3-1. : e

Prior to launch, the cargo bay doors shall be capable of
opening under their own power when the Orbiter Vehicle is in the vertical.
{shielded from wind gusts by support equipment).

—— e 30373 Payload Venting and Support Equipment Access—— : R

The Orbiter Vehicle shall accommodate payload venting and support
equipment access when the Payload is in the cargo bay and the cargo bay .
doors are closed. This accommodation shall be through the payload umblllical
panels shown in Figure 3.3-1. (These panels are nominally blanks; the
welght differential between the blank panels and the payload-supplled,
mission-peculiar panels is chargeable to payload weight .)

. Betwéen liftoff and landing, payload venting shall be non-
propulsive and shall not impart disturbances greater than 10 ib nor
impulses greater than 1000 1b-sec. S

3.3.4 ~ . Personnel Transfer

“The Orbiter Vehicle shall provide internal access from the
personnel compartment via an internal airlock to either a pressurized payload
module or the unpressurized cargo bay. Personnel shirtsleeve transfer shall
be possible with a pressurized payload module either (a) attached within the
cargo bay or{ b) attached to the airlock docking port. All portions of the

o= gecasg route between the personnel compartment and a pressurized payload
module shall be capable of being sealed so as to provide a completely
shirtsleeve environment.

The Orbiter Vehicle shall provide a retractable personnel transfer
port for access to a pressurized payload module In the cargo bay. The
physical interface for the personnel transfer port shall be as shown in
Figure 3.3-1.

Cds
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3.3.5

cargo
be as

bay shall be statically determinant. The payload retention fittings shall

Cargo Bay Payload Retention

The structural attachment loads between the PayToad and the

= s

shown in Figure 3.3-1.

One-sigma mechanical alignment uncertainty between the Payload

_and the Orbiter Vehicle's reference frame shall not exceed the limits
presented in Table 3.3-2 (TBD).

The paonad retention assembly shall accommodate up to +5 inches

_of lateral distortion of the Payload, as shown in ‘Figure 3.3-1.

3-3-6

Manipulatcr Arms

The_mechanisms used for deployment+ tetrLevaL,mand_dockJng ofacaam__“___;_m'

Payloads shall be two manipulator arms. “The payload fitting where a

manipulator arm attaches shall be as shown in Figure 3.3-1. The manipulator E
arms shall be stowed outside the Ppayload volume, as shown in Figure 3.3-1.

3.3.7

" Docking Provisions

The manipulator arms shall be used to dock detached Payloads to

the Orbiter Vehicle's airlock docking port. The Payload shall have three
———————options for the physical interface attheairtock dockimgport—{shownrin—— S
' Figure 3.3-1): :

3.3.8

(1)  The Payload utilizes the Orbiter Vehicle's universal
—--docking adapter, in which case the Payload has a
passive docking ring identical to the Orbiter Vehicle's
(with the possible exception of the retractable docking
petals).

(2) The Payload is docked directly to the Orbiter Vehicle
without an adapter, in which case the Payload has the
same interface as the unlversal adapter with the airlock
docking port.

(3) The Payload supplies a special-purpose adapter, one end
of which looks like the universal adapter and the other
end of which is uniquely tailored to the Payload.

Payload On-Orbit Handling

Deployment of the Payload to free space shall leave the payload

with one-sigma position, velocity, attitude, and attitude rate errors that
shall not exceed the limits specified in Table 3.3-3( T8D).

Retrieval of the Paylcad from free space shall require the Pay-

f_Ioad to be stabilized within the 1imits specified in Table 3.3-4 (TBD).

The Payload shall not perform any attitude control ejther prior

to deployment release or subsequent to retrieval engagement.

c-7
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3.3.8 Contlnued

Docking of the Payload to the airlock docklng port shall eccur
with limits that do not exceed those specified in Table 3.3-5.

Tabte 3.3-5. Docking Impact Limits

'““**“““‘"'f”““‘PARAMETER - i‘ " CLTMIT AT |MPACT ”%';’ ST e
‘ ; Centerline Miss Distance E " 2 inches | . B
‘Centerline Miss Angle ~  : 1 degree E
R ioﬁgitudiné? Velocity ‘ ' O.dSIft?séc' |
) Latgraj Velocity S 0.05 ftfséc
‘A-ngular Velocity - | O.I'deg/séc B SR BRI
____*3;5__;"_:_ ELEE?ﬁfCAL.PONER ;j;;_; S ) v_ﬂ_ _——:
_3.h.i Connectors Between °the Orbiter and Payload ._;_ff_mf;_ L

B e R -Sfaﬁdérdlzed connectors shall Vbe structurai]y rﬁbuhted on the o
= —rrn--n—vlunLET—VEhTt+e——at—both-thEﬁafr+ock—ducang—cht—and—w+th1nﬁthe*carggubay—————m———-——~-
to provide electrical power to the Payload.

7 The standardized connectors shall have the locations and
.- - -—._characteristics. shown ‘in Flgure 3.4-1 (TBD). - e e e L

3.4.2 Availability

Power shall be available to the Payload following activation of
the ground power system on the launch pad. Power from the Orbiter Vehicle's
fuel cells shall be available following transfer from ground power to in-
ternal power( nominally occurring one hour and 45 minutes prior to 1iftoff),
Power from the fuel cells shall cease after the connection of Orbiter.
Vehicle ground power following landing. Ground power shall be available
to the Payload until the Orbiter Vehicle is moved-from the saf:ng area

“{nominally 12 hours following landing).

‘Power shall be available to the Payload at either the airlock
docking port or within the cargo bay - but not at both locations simultaneous!ly.

“‘.“'—"—“"’“—3'.'_112'3' -~ - Total Energy”’"' ' T e S mmsmmmnn e

A maximum of 20 KWH of electrical energy shall be provided by
the Orbiter Vehicle to the Payload from the Orbiter Vehicle's fuel cells,

c-8
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-~ for as many as (TBD) seconds in any (TBD) second period. —

3.54.4 Power Level

Power supplied to the Payload shall not exceed (1) an average
of 500 watts in any period of (TBD) duration, and (2) a peak of 800 watts

3.4.5 Voltage Characteristics

DC power shall be supplied to the Payload with the characteristics
shown in Figure 3.4~2. Nominal voltage is 28V, with a ripple of 4V peak-to~ ~
peak (MIL=STD-70LA). ~~ =~ =~ ~ = - L o

3.5 COMMUN | CAT 1ONS .
'3.5.1 " Hardline Communications (Attached Payloads) . ..~ - -~ = - . ..
3.5.0.1 Connectors Betweer Orbiter and Payload T TLLITmITILITI

“Standardized connectors shall be structurally mounted on the
Orbiter Vehicle, at both the airlock docking port and within the cargo bay,
to provide communications between the Orbiter Vehicle and the Payload. The.
standardlzed connectors shall have the locations and characteristics shown

displays and controls {located in the Orbiter Vehlcle s personnhel compartment)
are described in section 3.9.1.

— e -The standardized connectors for Orbiter/Payload communications

shall cansist of three links. Each 1ink shall be cabled separately from
the others, and each shall consist of six twisted wire pairs (each pair
being shielded), and one coax transmission line.

3.5.1.2 Availability

Hardline communications between the Orbiter Vehicle and the
Payload shall be available during the pericd of electrical power availability,
as specified in section 3.4.2. Each communication function shall be
available to the Payload at either the airlock docking port or wlthun the
cargo bay - but not at both locations simultaneously.

3.5.1:3  Data and Commands

Two of the six twisted pairs in each communication link shall be
utilized-to provide two-way data and/or commands. -Functions shall be as
specified in section 3.6. Electrical characterlstlcs of the data/command

‘lines shall be as specified in Table 3.5-1 (TBD).

SD 71.127
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ir each comhunicatlon link shall be
Provision shall be made for use

tem L0 enable communication over these . -
“avlicad and the ground.

S TRE

Electrical
= as sPecified in Table 3.5-2.  ~

i 600 +60 ohms at. 1 Khz

'
H
H
- ._._i
3
s v

-y Respnnse = 307 "~ =p Z ¥ Tlat w1th1n b db S
v -, aach channel shall be 52 db _
., : Yrooacaluoi ~f*ween the - mlcrophene and - -
g P ater il -+ db manlmum.;ﬁww _—
e BE el Yo s ardline Tink shall mot: ..o e
) B e gl Jency range. from. 300 Hz to. 3 Khz.u
R ce Meen Dime STfrommiAus 30 dbt6- plus Ib db =T
) qwre w175 Barphone 1ine from +14 db' to 26 db :
wina. iy, e T
3 smissior Li I'-‘f," ) o T
. .ransmissi A line shall provide the Payload with access -
- s zle's S-bar’ Tetoso o subsystem.
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ted in Tab,- * -0
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Frequ.:ry
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Srrenustion
el 3. Coux Tr
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The signal characteristics

Actual Limits

TBD
TBD

2 GHz to 2.3 GHz f5'r” B

2 watts max. at the

Aantenna.
50 ohms See VSWR
«.-minally A

TBD _2 l max.

CTBY TBD .

‘ine Characteristics
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S oE g “o Teeee o0 'Burached Payloads) T
I T
! i{iv -+ betw=en the Orbiter Vehicle and the detached
io iring vandezvous and the on-orbit mission phase.

sver vetween the Orbiter Vehicle and the detached
- with the mission-specified communications~ Ce e
: .4 cutside elements {e.g., Space Station and

R wainds, - ot Vatce
SR G Lrina ., énret voice, the principal Orbiter/PaVIOQ&'
FEOITL el Y bro me e gt el in TUable 3,5-4, S el
’ I S 'l “arriar 'Signal Characteristics 3
: HE SOTERY VALUE N o
. : \ - w . ’
oo o ent e e e e e o
£ : e T ‘ 2287.5 MHz .
: " Pt 2_]06.4 MHz . ':_J__ )
G S e 10w {min)
?-'-ﬁ"‘"\:‘. - - B RN ?‘.i’-f-. PR
R eh (TBD)
‘ 0 db (min. 85% of =
497 steradians)
' E R Right Hand Circufari
th v o+ i oo on the principal Orbiter/Payload RF link - = - e
dofn thren LoD i .55 {TBD}). Data and commands shall be
Yool 4 g 0 o1 sxceed 5 Kbps. Voice shall be two-way
Fayio cno diest commard equipment shall have access to the
peinsipal Orkiues. . W RE Virk.  Mechanical, electrical, and functional
phrrspaneingio: T ‘nreifuzce are (TBD). ' o

SRR se.ovm rrincipal Orbit - /Payload RF link, the™
A vetrlable on o non=interference basis:

wiE =

: A ctasmit and receive «n any of 20 (min)

2te - 1mnnels between MHz and 400 MHz.
; $i: lex wnice., Norm: service between

Coaontar Yehicles

My

c-12
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3.5.2.3 Tracking and Transpondnng

3.5.2.2 Cont inued

(2) VHF/FM. Transmit between 148 and 150 MHz, and. -

e eeoer. 2 reC@ivVE between 136 and 138 MHz. .One channel of . -.

two-way duplex voice or a maximum data/command -
rate of 2000 bps (functions can be time- shared)
Normal service between Orbiter Vehicle and the
Tracking and Data Relay Satellite (TDRS)

Addltional detauls about these llnks are: (TBD)

_lne Orbiter Vehicle shalr“transmlf“a rracklng srgnaT"ana.

“ receive a’ transponded turn-around signal-from the Payload for range and -

range rate determination. The carrier signal shall be S-band, phase
modulated, with tone or PRN ranging; details are’ (TBD) Accuracies

The Grbiter Vehicle shall he tapaBle'ef.transponding_alPayload- er
_?enerated tracking signal. The tracking’ signal- transmission and modulation = -

shall be as specified in- sectlon 3.7.1n 3 I T i

PRN) ‘shall be compatible with the Orbiter's USBE.. _Carrier signal charac-

teristlcs shall be as specified in TabIe ER 5-4

3.6 INFORMAT 1 ON MANAGEMENT

73.6.777 7 Relaticnships with the OrbitéF“veHialélé'Iﬁféﬁ}a:ed“nvronresw*

For attached Payloads, Information management shall utilize the

hardl|ne data/command 1inks described in section 3.5.1.3. The hardline

- data/command links shall interface with the Orbiter Veh:cie s- integrated

In Figure 36-1. . U S

- .providing asynchronous. Orbiter/Payload. informatlon management (I e. ; each
5|de of the interface shall be |ndependent) T .

avionlcs through an ACT/Select Buffer, as shown .in Figure. 3. 6-1, thereby-

* Far detached Payfoads, Informatlon management shall utlluze

"the RF 1link described in section 3.5.2.2.. This RF link shall |nterface

with the Orbiter Vehicle's integra:ed'av10n|cs through the telemetry
function of ,the communications system and an ACT/Select Buffer, as shown-

3.6.2 Capacities-and Formats .

: The Orbiter -Vehicle shall atlocate 2000'words:of mass memory
for paylcad-supplied computer programs and data. Memory word slze shall be

36 bits, which includes four data bytes of eight bits each. Nominal Orbiter

Vehicle processing rate shall be 5000 operatlons/second Maximum rate shall -
be 10,000 operations/second. U _ .

' For attached Payloads, the blt rate betWeen the Payload and the
ACT/Select Buffer shall not exceed 5000 bps (snmplex) For detached

c-13 |
‘ SD 71.127

- T



LZ1-1L 48

o i | b 1l i ' - o
: O v e . » C : 1
a | ! . i‘ ‘ - |
' : = o _ 5
I ‘\ i - % N -] E:
v Cockpit ' i
8X 8K Disp,&Contro E
Module Module r ~ j
: acr/ T T = ' p
Booster f—i Select |— = i tifunction | [ " -
Buffer A= } Displays | . Power Dist. &
, ; . . |Comm Control
« CPU E : |
Act/: BCU - f '
Ground e Select L " Mass
Buffer T Memory :
- a v - C ' .
. ACT/ . ; | C
DFI —{ Select : : ‘ ;
Buffer ‘ ! o ; -
il . RO = . e [
acr/ | ACT |ACT i |acr ACT ACT AC'-I'-] ?
Buffer ' . l L :
, I
. . }, ; rJ - 1 = L
- ACT/ : G%lled “:;éﬂui‘S--' T' ey - Vehicle
1Telemotry ! |purfer || ' '= ' ' ‘
i (Comm) - ‘ P : .
. i e * ! ' ]
ACT: Acqul.r.ltion, Control and Test (Untt) _. .' . 1
ACPS: Att:tude Control Propulsion System o il | &
BCU: Bus Control Unit , ! T E
'CPU: Central Processing.Unit : . 3
“DFl: Development Flight. Instrumentatlon . L P } i !
OMS: Orbit Maneuvarlng System: S L I B _ . %
g . . | o : i
1[ Figure 3.6-1. ORBITER VEHICLE DATA MANAGEMENT RELATIONS,H!FS )
LT . ;_; I S T ;
: l ) : i ' s x: X E |
i !




'3.6.2 7 Continued

Payloads,rthe bit rate between the Payload and the Orbiter Vehicle's
communlcatlons system shall not exceed 5000 bps (s:mplex)

- 2 e Pl LR e cemembi— -

For both attached and detached Payloads, the blt stream shall
“consist of bits of 200 usec duration. Bits shall be arouped in bytes of
hine bits each {including cne parity bit per byte) Additional bit stream

"characteristics shall be as specafled in Table 3.6 (TBD)
3.6.3 ' Functlons o

Utl]IZIng the computer program capacnty descrlbed in section
3.6.2 and the general purpose. displays and controls, the Orbiter Vehicle

shall be capable of performing the lnformatlon management functlons des-'
crlbed in sectlons 3. 6 3.1 through 3 6. 3. 6

T

m ——ae e e o e b e e et ey oot d e e i oo

3 dﬂ;llr;k Teiemetry Routlng
For attached Payloads, ‘the Orblter Vehacle shali be capab}e of

routlng the 5000 bps Payload bit stream - to-{or from) the Orbiter

‘Vehicle's communications -system.- The communications system_sha]l be capable

3.6.3.2 Checkout of the Payload

e The. Orbiter Vehicle shall be. capable of. checklng out.the Payload
(either attached or detached Payloads). -

3.6.3.3 Payload Status and Performarice Monrtorang

The Orbiter Vehicle shall be capable of monltoring Payload
status and performance data (e:ther attached or. detached Payloads)

“3;6.3;4_AT Payload Data Dlsplay

The Orbiter Vehicle.shall be capable of dlsplaying Payload data
~on the general purpose displays (elther attached or detached Paonads)

3.6.3.5 | Guidance and Nav:gation Data Exchange

| For attached payloads, the Orbiter Vehlcle shall be capab!e of
exchangung guidance and navigation data with the Payload. -Uncertalnties
in Orbiter Vehicle data‘shall be as specified |h ‘section 3.7

3.6.3.6  Commands to the Payload

: The Orbiter Vehicle shall be capab]e'of commending the Payload,
and receiving command confirmation (either attached or detached Payloads).

C-15
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3.7
3.7.1
3.7.1.

1

ON-ORB!T GUIDANCE, NAVIGATION AND CONTROL

Guidance and Navigation

Position and Velocity Uncertainty

At the tlme of a state vector update the one- 5|gma uncertalnty
-tn Orblter Vehicle position and velocity shall not exceed the limits pre-
sented in Table 3.7-1.

Table 3. 7 -1, Position and Veloeity Unceetainty
f‘\\‘k;Parameterl P
_ % Compgnen_ Position Velogity %
*m - ; Altitude +0.25 n ml #1.5 ft/sec
" la-track | +0.5nmi | 40.6 firsee . |
SRR O G ososamie | a3.0 fese o

) Cross~track

+0:5 n mi

.3.7.1.2 Attitude and Attitude Rate Uncertainty

‘roll, yaw).

3.7.1.3

Orblter Vehicle attitude shall not exceed +0. 1°

o~ At -the time of a stellar update, the one-sigma. uncertalnty in .

about each axis (pltch

The one-sigma uncertainty in Orbiter Vehlcle attitude rate
~shall not exceed *0. 01° /sec about each axis (pntch, roll, yaw)

. Cooperative Target Tracking Uncertainty

When the Orbiterzvehlcje is traéklng'a cooperettve.térget as
specified in Section 3.5.2.3, the one-sigma tracking uncertalntnes shall
not exceed the timits presented |n Table 3.7-2.

Table 3.7-2,

Tracking Uncertalnty

- PARAMETER - _UNCERTAINTY
' At 30 n mi At 500 ft
Range +0.1 n mi . +5.0 ft
Range Rate +10 ft/sec +0.1 ft/sec
c-16
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in addltuon to range and range rate information, the Orbiter Vehfcle
shall be capable of optically determining the bearing angle to the target;
the one-sigma bearing angle uncertalnty shall not exceed +O 02

C 37z el T B

3.7.2.1 © ' Translation Control =

- _ N Drblter Vehlcle translatlon control rates shall be as specified
In Table 3.7~ 3

Tsble 3.7-3. Translation Control Rates

(Attitude Control Propulsion System Thrustersl____g;Aﬁ

= : . — r —
; © "Qrbiter g-'"‘Hinimum : Maximem = - ! Mlnlmum ] . o ,
i - Axis | E',_Ac;e[efgtiqn; ﬁcce!eragjpu'J*Velocityff.:LJTiiI:L LI
jl T i” o : '!lncremen§W“Ju4h o
_ | . ) s e o] f -
X | 0.26 ft/sec? | o0. 78 fersec | 0.026 ft/sec |- -
1 S A R 0?521ft/sec2 .56 ft/sec? | 0. 052 ft/sec B
— e - “mj 0. 26-ft/5¢¢? 0. 78 ft/sec2 i 0.026 ft/sec_ LT T
) Lt - ; .
3.7,2.2 ~ Attitude Control

The Orbrter Vehicle shall be capable of po;ntlng the Payload
at the earth or any calestial obJect _

' The Orbiter Jvehicle shall havé selectablé att?iude deaanands

of +0.5°, +lo°, and +45 o , L
Orblter Vehlcle attltude control rateslshéll be'as specifiedu‘.f
- |n Tabie 3. 7 h :

Table 3.7- h Atti;uﬁe_Conﬁrol~Rétes

o Drbiter : Mini@um_, '-Haxihum- 1 Minimum . -}
Axis Angular Angular | Angular
| Acceleration| Acceleration| Velocity
: ‘ - Increment
X_f;éil) 10.5%sec? l.0°/sec§ 1 0.05%/sec
—— Y (pitch] 0.5%/sec? | 1.0%sec -] 0.059%/sec
o Z (yaw) | 0.6%/sec? 1.8%sec? | 0.06%/sec
i | '
c-17
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3.8 EXTERNAL |LLUMINATION

3.8.1 Orbiter Vehicle

External illumination on the Orbiter’ Vehicle shall be provuded;
at ‘the locations shown In Figure 3.8-1 (TBD}. The characteristics of the
illuminatlon shall be as specified in Table 3. 8 1 (TBD) . - R

TR Y Wy,

) , ExternaI |Ilum|nat|on on the Orblter Vehicle’ shall be ,
_available on request frew_tne Peylead, subject to (TBD) constraints.

- 3.8.2 Pezload.

S . External |llum|nat|on on Payloads to be retrleved by the Orblter
Vehqcle shall-be.provided.as-shown_in- Flgure -3.8- Z-ITBD}--wThe characterlstlcs
--of-the illumination shall be as speclfled in Table 3.8-2.

. External iMlumination- on the- Payload shall-be avallable on’ "-ff S

___“_“meﬂwm”requastefrom the. Orbiter_Vehicle,.subject to_{TBD) constralnts. N
3 9 o PAYLOAD SUPPLIED DlSPLAYS AND CONTRDLS e L e e e i

T "_““”‘""—3"9 I Connectors Between Payload and Payload Sugplled Duspleys and a

= —Centrots o S = =

Standardlzed connectors shall be’ structurally mounted on- the
‘ Orbiter Vehicle, at both the airlock docking port and within the cargo bay,
o - e —tor provide hardlane ‘transmission between the Payload and: payload supplled
© ‘displays and controls (mounted in thée Orbiter Vehicle's personnel ‘compart-
ment, as-specified in section 3.9.2). The standardized connectors shali
“have the locatlons and characteristics shown in Figure 3 9-1: (TBD)

3.9.2 - PrQV|5|ons in the Orblter Vehlcle 5 Fersonne1 Compartment

LR w:thnn the Orbiter: Vehucle s personnel compartment, at the Ieft-
hand-side Cargo Specialist station, payload-supplied displays and controls
-shall be accommodated within 1.5 cubic feet and 560 square inches of panel

- -7 7  area. Mounting connections and connectors .with 1ines.- running to. the payload

T T shall be as specified- in Figure 3.9-2 (TBD). Power for the payioad supplaed
‘ dlsplays and controls shall be provtded by the Payload.”7 . A

e e tm e e g s eeme i emamat et cme mm et a4 = e e ane e e e e e

- c-18
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4, INTERFACE DESIGN CRITERIA

5 ENVIRONMENTAL CONDITIONS

i - i

. 3 s e e et o & s st T T i et e =

_ ] Design of the lnterface(s) between the Orblter Veh|c1e and Payload
T 7 7~ il be based on the requirement that the two elements be capable of

: operating in the natural and induced environments specified in Paragraphs
-3.2.7.1 and 3.2.7.2 of the !'System Specification for a Space Shuttle System.“
except as specified in the following paragraphs of this sectlon

K,2 ° CARGO BAY ENVIRONMENT

e - --_.-},,'2:] Purge and Vent'

The cargo bay wall be purged with dry gaseous nitrogen (GNZ)
i .. .priQF to 1iftoff. The. GNo dew. point will be -659F; temperature. will be
ST “—'75 + 5°F pressure WIII be 17 + I p5|a

e i a e e el T e e e b e MM SR e . M ELas A Bt e Ba asiien

The cargo bay witl be vented durlng launch and entry. “and th]
be unpressurized during the orbital phase. The pressure differential L
between the cargo bay and the external environment will noteexceed 2 p5| urnfnmfmé

et

‘%"“““”dfﬁAZ 2 Temgerature ff———

. The |nterna| wall temperatures. for the cargo bay wnll 1|e

within the limits presented in Table 4.2-1,

k2.3 Flight Loads

, Orbiter fIlght load factors will not exceed the limits presented o

_ in TabJe_H 2-2. . (Load factors.in Table 4.2-2 are quasi-steady.state and are

.equal to the total external]y applled load divided by the total vehicle
;Awelght factors carry the sagns of the externally applied loads. -~ .- .

The load factors were computed us:ng rlgid body ana!ysis methods
ln these preliminary studies estinated dynamic magnification factors were used

- to account for elastic body effects. These factors are summarized in Table
o 4. 2- 3. For desngn purposes, payload planners should use the- product of the
* load factors in Table 4.2-2 and the magnlfncat|on factors in Table 4 2-3.}

4.2.4 Acoustics

. - T e T T UL -

. .- .. _The noise level in the.cargo bay. thl not .exceed.153..db, The
‘associated acoustic spectrum is presented in Figure 4.2-1. (For design
purposes, paylcad planners should assume a duration of 30 seconds for the
given spectrum, starting at Booster Vehicle engine ignition.)

C-19 _
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Tﬂble 'I 2- . TEHPEMTURE. leTs POR TH |NT£RNAL? H)_\LLS aF. THE CARGO BAY f ]

B
Lo i

- Cargo Bay Doors (°F) :

Payload External . ]
elaunch * men On-orm_ﬁmﬂhﬂ_ﬂﬂ On-0rbit (Doors Onen)l ; Entr;

Surface Temperature
(°F)

Min L Max_ 1 Min _{ _Max Mo L Max. Min Max ~Min 1 Max
80 |120 go | 150 | -w0 ] . 150, N/ Ax¥ wawe. | “-100 | 250

. . ] . .8 ;
50 | 120 50 150 ] -100 | 150 | w/A Na . | i-100]| 250

-20 1| 120 | -20 150 -100 || . 150 N/A N/A | -100] 250

100
70
0

;100 120 100 | 1500 -150{ “aso ) owa | w0 f o-as0 | 250

|

-300
-420

-100_J120 | -100 | 3150 § - -150 ‘;503 N/A_ N/A -150 | 250

'! i | o :

' Other C Aré Sides, Bott Ends) | (°F
Payload Exte :er argo Bay Areas (Sides, Bottom, Yy ' (°F)
Surface Temperature - Prelaunch #* Launch on-0rbit{Doors c1osed)] on-0rbit (Doors Open) Entry

(°F) B Min | Max Min | Max® | "Min || ‘Max | Min Max Min Max

=]

10 | -8 |12 s |10 | o Il 130, 130 .o | 200

! o ' B e S { i L ' i .

T0 : ,;' o 50 | 120 so- | 130 gr -25- || 130 f

. " T b

wn

130 L.25
1% t e

wn

o -20 | 120 20 | 130: ] -5 ] 130:

-300 R - 120! | -2%0 * 130 1300 130 3°° S| o | r300
-L2o | -200 | 120 Iaégo -] 130 I 2o 1} 13 - o | 130 =420

{

R C . . . - .‘u,‘{' l
l

# Cargo Bay is purged wit.h d.ry )05 for ground thermal conditioning. For bare 1.32 , speclal 'prdvisibna
(e.g.,Be purging)wlll 'be required to prevent liqu:l.d a.ir fomtion. !

% The expoaed surfaces of the pa.yloa.d will 'be subjected to the dee]p épace e‘hvironment wh;l.ch' includes a black
body radiation sink at 49K and direct sun radiation. ) i : , :

!
|




~Table 4.2-2. Orbiter Limit Load Factors :
hmime i e Mu.-.e.-r.‘—ar-.-_--_._-._-...1.— N LOAD FACTOR rggs) R - .
T CONDITION ) _ X Y T :
i | Liftoff 1.6 | ~+0.5 -0.5 {,
7| High Q Boost 1.9 +0.35 {+0.5 ;
e - R A
----- -Booster End Burn 3.0 +0.1 ~=0.5
_.—4. Orbiter End Burn 3.0 ¥0.1 ~0.5
i I . Entry | +0.25 | ¥0.5 | -2.5° :
Flyback . _io.\."zs# +OJ__ L0 I
I Landing & Braking | E+O _t‘._+_0.5 -2.5 * - T
——- - e ST R B 3 P A SR
- * Consists of 1.0 g of .aerodynamic Fift, | :
DT plus 1.5 g's of Iandlng impact loads. . = . oo o
T - o See Section 4.2.6 (Shock) for a time=Tlif Do U0 T
_ : _history descriptloipfmt_hf_ landlnq lmpact loads. s ' .
- "7 Table 4.2-3. Dynamic Magmﬂcat{on Factors & _
CONNT!ON* MAGNIFICATION FACTDR :
- St SR X oY,z :
High Q Boost = |~ -~ 1.1- 1.2
" Booster End Burn™ | T 1LY ) -
. SRPIFIRL - Orbiter End Burn. 1.1 -- LI -
. Landing . 1.2 1.2
" .'#% For other conditions listed in Table 4.2-2;"
.. the dynamic magnification factors equal 1.0
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4,2.5 Vibratlon

The vibration transmitted to the Payload in the cargo bay will
. not exceed TBD g-rms (65,000 pound payload, attached as discussed in Section
s 8-3.5) . - The associated vibration spectrum is presented in Figure 4, 2-2( TBD)}.
_(For design purposes, payload planners should assume a duration of 120
seconds for the given spectrum, starting at Booster Vehicle engine ignition.}

. | i
s oo o B 2.6 Shock
| Landing shock will not exceed 1.50 g's in?the minus Z directron{.
The landing shock criterion is presented In Table 4.2-4 (rectangular pulses.
_ ___In the minus Z direction, with probabllity of occurrence per landing).
S . e . -Table 4.2-4. Landing Shock-.. - . . e
e Tl D0 T Acealaration - - Duration  i'Probéb11fty :5‘f57
0.23 g peak 170 msec - - 0.18 .
e e e o0 0,28 o 280 S 7029 s
""j‘*%ﬂ***— T e T— 0. 35 ) R 330 S *““‘0-26"“1 - 'l-',"" T “
‘ 013 o 30 T giyg T e e
p— - e .,,,,,.,.70756,,“4;‘,# DA 350 . —— 0 .Ga - e
: 0.72 320 . S - 0.03 I P
s 260 . - -1 0,01 ’
B ‘ Other shock criteria are (TBD). ~ - )
4.3 OUTGASSING AND EFFLUENTS -
(TD)
o=l oy -—- ELECTROMAGNETIC INTERFERENCE ~ ° = === e
The Payload will satisfy MIL-STD-461 and MIL-STD-462, such that
interference and all applicable interface requirements do not exceed the
limits of MtL-STD-461. : g '
4,5 PAYLOAD SAFETY CRITERIA e ;

C-23
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1.

SCOPE

moioremi e _This_Interface Definition Document ident]fles and defines RF.communi-
cations interfaces among elements of the Space Shuttle System, and

"

“'between Space Shuttle elements and elements of other systems.

It also

allocates the interfaces to ICD's which will be requnred dur!ng ?hasa
~C-D to control these interfaces. » .

This Interface Definition Document is an interim document which summarizes

the communications interfaces until such time as they can be stabilized

and controlled in Specification N6. SSETIMOOT-=System Specification for

"_“”_"”_"_"3“'“”“iNTERFACE DEFINITION

"o

Consequently, this document shall comply with

' APPLICABLE DOCUMENTS
"a Space Shuttle System
all applicable requirements of the System SpECIflcatlon.

RF communications interfaces affecting the Shutt}e SyStem'are depicted

“in the Schematic Block Diagram in Figure 3-1.
the interfaces_is included in_Table 3-1.. Iheﬂjgjlgwgng_Js a ]:st_of

1eb's pro;ected

AL 1CD
B, .1CD_
€. 1D
D. 1CD
E. 1CD
F. ICD
G. ICD
H. 1CD
“f.IED
: TTTJ0aeD
K. 1CD
L. 1¢D
M. ICD
N. 1CD
0. ICD

“Additional deflnition of

during Phase C-D to control these lnterfaces. '

- Booster
- Booster
- Booster
- Orbiter
- Qrbiter
- Orbiter
- Orbiter
- Orbiter
- Payload
- Payload
- Payload
-.Booster
- Orbiter
- Booster
- Orbiter

 The Iéffér preéedfngreéch
.faces and controlling 1CD's in Figure 3-1 and Table 3-1.

Vehlcle
Vehicle

Vehicle

Vehicle
Vehicle
Vehicle
Vehicle
Vehicle

to

to

to
to
te
to
to
to

Orbiter Vehlcle :

Manned Space Flight Network (TBD)
Air Traffic Control (TBD)

Payload o

Space Statjon - - -

Manned Space F1lght Network (TBD)
Alr Traffic Control (TBD}

Tracking Data Relay Satellite (TBD)

to Space Station (TBD)
to Manned Space Flight Network (TBD)
to Tracking Data Relay Satellite (TBD) .

Vehicle
Vehicle
Vehicle
Vehicle

to
to
to.
to

Search and Rescue Vehicles (TBD)
Search and Rescue Vehicles (TBD)
Landing Sltes
Landing Sltes

tCD is also used to cross—-correlate the inter~

Correlatlon ..

of individual interface functions with operational and/or Fl:ght test

use is also indicated in Table 3-1.

SN 71..127 °
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T
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Transmisslon from Communications Description

Booster Vehicle  S-Band One-Way Data
‘ UHF Two-Way Simplex Voice
5-Band Interrogator (PRS)
* L-Band Transponder
Continuous-Signal Beacon
Orbiter Vehicle S-Band Data
S-Band Data
S-Band Voice
S-Band Voice :
~ UHF Two-Way Simplex Voice
! , $-Band Interrogator {PRS)
L-Band Transponder
VHF/FM Two-Way Duplex, Vcice
or Data :
Continuous~Signal Beacon

z°a

Payload . S-Band pata .
; . ' ‘.s-Band Transponder (PRS)
© Space Station - S-Band Data
! - .. ' . S5-Band Voice -
1 .} §-Band Transponder {PRS)
| MSFN (Manned = ! S-Band Two-Way Data . -
°  Space FIt Net) - S-Band Two-Way Duplex Voice

", S5-Band Tracking (PRN)
ATC (Air Traffic | UHF Two-Way Simplex Voice.
| Control) + $-Band Ground Transponder
| -, L-Band Interrogator

TDRS (Tracking . VHE/FM Two-Way Duplex votce

' Data Relay Sat) . or Data
' §-Band Two-Way Simplex Data

Landing Sites . Precnsion Ranglng Transpond

E
{
C t i
~ Table 3-1. *Spaca Shuttle RF COmmunlcation ilntarfafesi
| o
! E

i .
‘1 .

Frequency|(MHz)

iOperat jonal “Phase ™

—
———

Progeam @ .

18D (2100 2300)
T8D (225~ 400}
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1.

SCOPE

CUTTTTTTTTTTTT U THig Tnterface Definition Document identifies and defines Launch Operations

~--—--—-- Complex interfaces between the Space Shuttle System Flight Vehicles (Booster,
Orbiter and Payload), the Support Equipment, and the Facilities. It is in prelim-
_inary form, defining vehicle to support equlpment and support equlpment to facilities

~ interfaces in gross terms.

2, ‘.

APPLICABLE DOCUMENTS

This document comphes w1th a.11 apphcable requlrements of the followmg - -
documents. : _

wéfWMMW@.

m

Space Shuttle System Specification, SS613M0001 -

. Space Shuttle Ground System Specification, ,'_76_26501_'--; L

(d)

R S

Spa.ce Shuttle Orbiter Speciﬁcation, CP613M0002 -- l

3. INTERFACE DEFINITION

e emt R e e b e

Space Shﬁfﬂ'é'B"dbster‘Specificatidﬁ;*?ﬁzo500f """ T

Launch Operations Complex functional interfaces for major mechanical, fluid,

electrical and avionic subsystems are depicted in Figure 3-1.

Physical interfaces

between the launch complex and the air vehicles are shown in Figure 3-2, -
Interface data is defined in Interface Tables 3-1 and 3=2 for the booster a.nd orb1ter

respectively to GSE and in Table 3-3 for GSE to facilities.

All vehicle ground interface and GSE to facilities interface requiremenfs shall

be categorized as follows:

© (b)

@

Categoi'y 1 — those ground interfaces reqxﬁ}ed_ to launch, sé.fe, or main-
- tain the vehicle in a safe condition, on the launch -pad up to first vehicle
motion. These ground connections are designated Rise-off Disconnects

(coded BA for booster and OA for orbiter), -

Category 11

~ those ground service interfaces required to service the

vehicle at the launch pad; however, the service can be terminated prior
to, or concurrent with, personnel ingress/egress access swing arm

SD 71.127



(c)

retrieval. These ground service interfaces are designated Swing-Arm
Umbilicals (coded BB for booster and OB for orbiter),

Category III — those external ground service interfaces requirefd for
scheduled vehicle servicing in the M&R area in preparation for launch.

(@

for booster and OC for orbiter),

Category IV — those internal ground connections required for unécheduled
vehicle servicing in the M&R area. These services are designated '

Internal Service Disconnects (coded BD for booster and OD for Orbiter);

- -"C!atégqrjr_ﬂ__;f:__those,_ ground services interfaces betweeen the booster _and

These services are designated External Service Dlsconnects (coded BC |

. orbiter common or dedicated GSE to launch pad, M&R and landing sites

facilities. These services are designated GSE - Facility digconnects
(coded LE for the launch pad LR for the M&R area and LS f.or the
landing 51tes) ' N

E-2 | SD 71-127
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TABLE 3-1, LAUNCH OPERATIONS COMPLEX }} BOOSTER INTERFACES
I/F 1 . I/F . l ‘L
CODE FUNCTION | - DESCRIPTION 1 LOCATION DWG/FIG PARAMETER
BA 1 ECS Air Condit{oning Cabin & equipment coollng untll Thrust Section | | Fig, 3-1 A‘. 3" line:
| 11fe off : L " \34 1bs/min
! g i @ 5 PSIG
, | : 40°F
| a . : :
: ta R | ' . :
BA 2 L()2 Fill and Drain Supplles LO2 to Main and ACPS - || Thrust Section |' Fig. 3-1 | 10" line
: Tanks, Allows Gravity Dram to || ) ) . . | 8500 GPM
Ground Supply . ; ‘ Iy
. P IR . |
: Clo P o |
BA 3 LO 5 Main Engine Prowdes MPS LO2 Condltlonirg : Thrust Section Fig, 3-1' | 2" line'
: - | Bleed and Reclrculatlou ) SR | 305 GPM
BA 4 LH2 Fill and Drain Supplies LH2 tn Main and ACPS @ | Tprust Section ' | | Fig. 3-1" 10" line
“\‘\ ' ' tanks, Allows Grayity Drain to Pt ' 9600 GPM
o | Ground Supply . NRIEae 5 5
BA5 | GH 9 Vent Provxdes Ventmg of GH from Vertlcal ; Fig. 8-1 -~ | 10" line
' : Ma.m & ACPS Tanks to ﬁurn Pond Stabllzeri o E : Chill 1 Boil
" | | ey 11-0  7,0#/Sec
' RS A S 17.7 15,0 PSIA
: 530-—50 40 °r
BAG6 | ACPS&APUGas | Provisions for ACPS & APU Vertical | i Fig. 3-1 | 10" Lirle
Generator Exhaust | Exhaust to Burn Pond - | Stabilizet ) ] 0.5{Avg) —
o A oL e : 'i EETEN NSNS 15 (Max) #/sec
“ e et 20 PSIA , 800 R
P 50% H,, 50% H,0
| P! o
] T p :
i v o1 |
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| N A 1 |
! 7 s ! o I;
TABLE 3-1, LAUNCH OPERATIONS COMPLEXT - !BDOSTER INTERFACES }
: | ‘ {
i :
1/F ‘ . ‘ } ]‘ I/F %
CODE FUNCTION | DESCRIPTION ! 1. LOCATION DWG/FIG | PARAMETER
BA 7 | GH,GSE Supply 'GH_ Supply for ACPS/APU ‘Thrust Section || Fig, 3-1 EU line
. Accumulator Charge and Main L ? 1.0 #/Sec (Avg)
| 'LH,, Pre-Press | 530 °R
? B | 1 1000 PSIA
| : ' C . -
BAS | GD2 GSE Supply GO, Supply to ACPS/APU !‘ | Thrust S;ect_ion .|| Fig. 3—lf’ 1" line
‘ ‘ Accumulator Charge | HE : 1,0 #/Sec (Avg)
; s | - X 530 °R
| i AR Y 1000 PSIA
BA 9 GHe GSE Supply GHe Supply for Main Engine Purge | Thrust Section Fig. 3-1 1" line
and Engine Controls In-Flight , : E . . : 1.0 #/Sec
M ! ‘Storage A 530 °R
o $ % 3700 PSIA
BA 10 | GN_ for Main GN 2 Supply for.Main Engine Pl.irge A'jI"hrust Secﬁ_on ‘ Fig, 3-1 . ‘| 1.5" line
Enéne Purge . S A A 6. 0#/Sec
| S 530 °R
: EEEE I A i SR 725 PSIA
1] BA 11 | GN_ for Vehicle Supplies GN to Airfra.me | Thrust Section Fig, 3-1 4" line
i Conditioning Compartmen%s to Provide Inert’ i ! ‘ 28 #/Sec
3 : Atmosphere and to Prevent Ice . S 160 °F
| Accumulation‘on TPS near, Lo2 -' RN . 150 PSIA
o | - o ot b
| L E
L o
i : : i o | '
i
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TA!BLE 3—1. LAUNCH OPERATIONS ODMPLEX L BOOSTER INTERFACES
I/F ‘ E : ' : hE : E I/F ' oo ' "
CopE: ‘FUNCTION‘I DESCRIPTION . i | LOCATION ° DWG/FIG PARAMETER
BA 12 | Hydrocarbon Fuel | Supplies JP Fuel to the ABES || Thrust Section | Fig. 3-1 | 4" line
Fill & Drain | Tanks - - MR o 3600 #/Min
! | H | ' 530 R
i | | : | 120 Ps1A
] l ‘ H L '
BA 13 | Ground Electrical Providel Ground Electnéal Poweri Thrust Section Fig, 3-1 115V 400 Hz
© | Power | for Vehicle Systems to Lift-Off :'|. . : | 20-30 KVA
b - : :
- . B ‘ ) l | - . v
" BA 14 ElectricalﬂGround Provides Airframe Ground ‘| Thrust Section Fig, 3-1 Low ‘
» o o § . iconnection b ; . S Resistance
BA 15 | Data Bus #1 Provides Data Path .~ | ‘I:hq.x st Sectinn ‘Fig. 3-1  |1MHz
ﬂ:‘: Connection Sl A B T AR A
BA 16 | Data Bus'#2 .| Provides Data Path. | L hrust Secuon - Fig. 3-1 | |1 MHz
Connection P S : :,;.- T :
5| BA17 | Launch Hold-Down | Four Holddown Arms for Static .|| Thrust | Fig. 3-1 . i
v and Release J Firing, Launch and Wind Resist- || Structure Fig, 3-2 - :
3 | ance on Launch Pedestal i~ 1|} A
L ' o H .
BA 18 | Sway Dampmg‘ i Damping Device Between the LUT. Nose Geare g Fig., 3-1 j i
‘ ; j and Booster for Pre-Launch Tie- .|| Bupport. - I . Fig, 3-2 _—
% ; Down : ‘ : l L Structure i ‘ : ¢ e
g | IR 3
| i N
% T .
| P
i |
! E &
f : e
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TABLE 3-1, LAUNCH OPERATIONS COMPLEX iBOOS’I‘ER INTERFACES P
I/F - ! L L7 S
CODE FUNCTION: - DESCRIPTION . LOCATION DWG/FIG PARAMETER
| ;
o . i ) :
BA 19 LH2 Recirculation Provides Power to Electric Thrust Fig, 3-1 115V 400 Hz
Pump Groundg Motors Driving the Low Pressure Stmctu?e _ ' 3¢ 120KVA
Power Supply. Turbopumps on the MPS Engines || b (Facility Power)
. to Provide LH2 Conditioning '
-i Bleed Flow ' 1 : .
1 ! : 3 : P
BA 20{ Voice Interc in Provides Hardwire Vome Thrust Fig. 3-1 ' | 20 KHz
munications | Communications Betweeq Ground Strucbure‘ 3' i
| ' Crew and Vehicle Crew | A L ‘”
| e b |
1 5 il ; i B
™ . i { R Bk : 3
\ ! : ! i - } L ‘ i
= f ; Ty R f
™~ : i Pl Ay cod
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TABLE 3-2,

v
%

LAUNCH OPERA TIONS COMPLEX

- ORBITER INTERFACES

I/F : ~ ‘ ' I/F : 1
CODE FUNCTION - DESCRIPTION LOCATION DWG/FIG PAMMETER
0A1 LH,, Tark Pre-Press | Chilled GH_ Supply to Main LH2 At \Fig. 3-1 | 1500 psig
Tank Pre-Press _ o L | 100 lb/mm
¥ | -‘ ~250°F
. . g oo : i : .
OA2 LH, Fill and Drain | Provide LH, for Matn and OoMs | Aft || Fig, 3-1 5922 1b/min
Tanks - Provide Drain and Purge Fig, 3-3 {max)
Capability : " (10, 000 gpm)
- 25 psig
~423 F
OAS3 ACPS GH,, Fill | Provides Ambient GH, to ACPS Aft Fig. 3-1 | 1250 psig
. Accumulator ' 1 Fig, 3-3 Ambient
0A4 : Hydraulic Pﬁmp‘ o Provides power for drivinggl Aft - Fig. 3-1
h Ground Electric hydraulic pumps during pre-launch /| - Fig, 3-3
Power : : : :
J| 0aAs On-Orbit GH,, Vent - | Provides Secondary Vent for Main | Vertical Fig, 3-1 !
- . |and OMS LH2 Tanks to Safe | Stabilizer Fig, 3-3 '
P - D1sposa.l ‘ L | ;
) . : : o i
OA7 IGH 2 Hot Gas Exhaust | Directs Hot GH from GG and APU @ Verfical Fig. 3-1 60 1bs/min
S . 1to Sa.fe Dlspos S ; i Stabilizer . || Fig. 3-3 GH /H O
: C | o 20psxa‘
l i ' § 350°F
: i : '
l“ | ¢ ! '
f : .
' 3 . E ?
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| oy | ':,-‘! B B
. ii . | :
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TABLE 3-2, LAUNCH OPERATIONS COMPLE?( ORBITER INTEP%FACES ] f
I/F 1 v - ;
CODE FUNCTION DESCRIPTION | '] - LOCATION . DWG/FIG PARAMETER
0OAS8 LO2 Tank Pre-Press Prowde Ch111ed GH to Pre-Press ;Aft fFig. 3-1 1500 i)sig
LO Tank Fig, 3-3 1100 1b/min
| | : | 1-250°F
OA9 LO2 Fill and Drain . | Provide LO2 for Main and OMS : Aft J Fig, 3-1° . 50 psig
Tanks - Provide Drain and. Purge ‘ J Fig, 3-3 . 47,820 lbs/min
Capability | ' {5000 gpm) max
L -297°F
: _ ] : :
0A10 Vehicle Purge | GN, for Purging Vehicle - . = || Aft Fig, 3-1 1
. Non—Pressuriz'ed Volumes;- i ‘ . Fig. 3-3 |
OA1l  |Ground Electrical « | Provides Ground Electrlcal Powerﬁ A M| Fig, 3-1 400 Hz
Power No, 1 : - _ : SEH I . Fig. 3-3 .120/208 Vac
|| 0A12  |mstrumentation/ ‘i | Provides Data & Commumca.tion At |0 L Fig, 841 i
:E Communication No,'1 | Path to Vehlc SRR | ' SR Fig, 3-3- g
OA13  [ACPSGO, Fill, . | Provides Ambient GO, to ACPS a1 | Fig 32 1250 psig
‘ ‘ R 5 . Accumulator S R [ IR R ‘Fig. 33 T
.| oA14  [Ground Flectrial . Provides Grround Electricai Power ||| Aft Fig. 3-1 | 400Hz
Power No, 2 : Lo e e ' RIS - Fig, 3-3 120/208 Vac
OA15 Instrumehtatioq ' | Provides Data & Communicat:lon | Aft i S Fig. 3-1 ,
‘ Communication No,. 2 Path to Vehicle . R E s | Fig, 8-3. :
b ] :‘
f f |
B | a l
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1/F

CODE

FUNCTION

DESCRIPTION.

I/F
'LOCATION || DWG/FIG

{

f
PARAMETER

OAl6

0A17

OA18

Vehicle Ground

Helium Fill

N2 Main El’lgiﬂe

Ground Supply

o
L
: i
1. 1
co

Provides Single Point Ground

Provide GHe Pressurant |

, |

| |
1
|
i
3

1
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|
1
i

1
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to Vehicle Primary Hx -

TABLE 3-2, LAUNCH OPERATIONS CDMPLEiX ORBITER INTERFACE ﬁ
CCDE FUNCTION. DESCRIPTION | LOCATION | DWG/FIG | PARAMETER
OB1 PGS LH,, Fill No, 1 Fill/Drain PGS LH o, Super. Critical ||| Mid body ' Fig., 3-1
ﬁ Storage #1 ' ; . .§ - Fig. 3-3
OB2 PGS LH,_ Fill Njo. 2 | Fill/Drain PGS LH Super}Criticalzl Mid body Fig, 3-1
: 2 P 2 S| N i i :
: Storage #2 1 Fig, 3-3
OB3 Hydrocarbon Fuel : 1 ‘Mid body Fig., 3-1 ]‘
Tank Press | e Fig, 3-3 !
‘ : , { : ‘ 1
‘ t : s
OB4 Primary Hx Coolant Provide Ground Coolant to [Vehicle il Mid body Fig, 3-1 !
. - S ; !
Supply Primary Hx ‘ SR Fig, 3-3 . i
OB5 Secondary Hx Coolant Provide Ground Coolant to Vehmle ‘Mid body | Fig. 3-1 ‘
Supply ' l Secondary Hx S } oo | Fig, 3-3
S 'i ' . i v ,
= l ' o ! f | -
OB6 PGS LH2 Vent #1 Vent PGS LH2 Super Critical ‘Mid body Fig, 3-1
P Tank #1 During Filling and Purge . + | Fig. 3-3
1 . . . T : ; o .. . . . ",
OB7 PGS LH,, Vent #2 .| Vent PGS LH, Super Critical - ‘Mid body Fig, o4 ,
SR ? Tahk #2 During Filling and Purge P Fig. 3-3 j
OB8 Fuel Cell GH, Purge | Direct Fuel Cell Hydrogen Gas Mid body Fig. 3-1 1;
.+ | to Safe Dlsposal - L Fig, 3-3 |
ST J;
OB9 Primary Hx Coolant Provide Return for Ground Coolant Mid body - Fig, 3-1 ‘
Return | o 'Fig. 3-3,

l
]
]
1
t
'
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TABELE 3-2, LAUNCH OPERATIONS COMPLEX; - pRBI_'I‘E;R INTERFACES ; [
1YF | ; , . IYF RO I
CODE FUNCTION o D_ESCRIPTION , ,LOCATION DWG/FIG PARAMETER
OB10 Secondary Hx C(;olant Provide Return for Ground Foola.nt Mid body IFig. 3-1 | , L
Return to Vehicle Secondary Hx o Fig, 3-3 . 1 ;
. : . {
! . i : )
OB11 PGS LOy Fill #1 F111/Dra1n PGS LO 9 Super Crltlcal Mid body Fig, 3-1 ‘ “
OB12  |PGS LO,_ Fill #2 Fill/Drajn PGS LO_ Super Critical || Mid body | Fig, 3-1
2 : 2 i o . ‘
Storage #2 . RN :1 : Fig, 3-3 |
I [ : ‘ |
. . . ' H 1 1 ' i
OB13 GH2 Vent Provide GH Vent for Main Tanks | Mid body Fig, 3-1 '
. | 1 C B Fig, 3-3 .
" ’ : ! Do oy o c
OBl14 Hydrocarbon Fuel Fill and Drain Hydrocarbon Fuel Mid body . Fig, 3-1
Fill - Tank Sy Lon i - | [Fig. 3-8 ¢ ;
OB15  |PGSLO,Vent#]  |Vent PGS LO, Super Critical - Midbody | - .|[Fig. 3-1. §
% Tank #1 During Filling and Purge I o 5 L Fig, 3-3 b
OB16 (PGS LO, Vent#2 " Vent PGS LO, Super Critical | Midbody & | |Fig. 3-1 | .
. Tank #2 During Filling and Purge | = i Fig, 3-3 o
OB19  |GO Purge Vent 714 | Fig. 8-1 o
v | IFig. 3-3 j
| NI - A
OB21 [H.O Vent | Midbody || |[Fig. 3-1 1
2 ! R | . : |
:1: ' : : : Figl 3""3 i :
. ‘ i N ! . - ;
i IR ]
™ ! | S i
< | ST b '-
~ ! P &
i ? l v : |
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CODE -FUNCTION DESCRIPTION 5 LOCATION DWG/FIG PARAMETER
OB23 | Cargo Fill and | | Mid body Fig, 3-1 :
1N | Fig, 3-3 - ?

0OB24

P
‘| Cargo Vent (LO,)

Drain (LO,) -

2"

t
f
¢

Cargo Fill and Drain

Mid body
H i
}

Mid body, -

Fig. 3~
Fig. 3

e

OB25 | : Fig. 3-
(LH,) L - | B L Fig. 3
OB26 | Cargo Vent (Lsz) ; | . I'{ Mid body ' Fig, 3-1
' DR N ; ’ N B Fig, 3-3 .
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TABLE 3-3. LAUNCH OPERATIONS COMPLEX - SE/ FAAILITY INTERFACES 1
I/F | | . . YF |
CODE FUNCTION s DESCRIPTION LOCATION DWG/FIG PARAMETER
| _
LE-01 Electrical Ground Provides pre-launch common ,
! ground for Booster and Orbiter’
o o | . ]
LE-02 Electrical Powér Interconnects launch sife facility P ! ; ; :
' : E . power to booster/orbiter electricall| | : - L i :
. i | . ' { [
g power conditioning GSE, | Y P : :
; | . S a 1
LE-03 Data bus Interconnects booster/orblter ' [ 3 , j '
- ‘Data busses #1 and #2 to LCC ¥ o 1 |
| launch and checkout functions (| E ' H i
; through the Pad Terminal Con-. abo e s
" nection Room, ' ; j j ; |
. ' i ! t |
) i ' ’ | CH i , i
LE-04 LN 2 Supply: | Interconnects LN pumping unit i ! i S ' r"
o " to the mobile launcher pre-press DI IR R b i
gas chiller, b 1 ‘[ :
o ‘: : ; ik i iy i
LE-05 ECS Water/Glycol Interconnects facility ECS - P v
Supply -1 | water/glycol supply to mobile 5 _
: .t i | launcher water/glycol coolant i | o
| unit (orbiter only)., - SR H : P
5 I AR ot A
? . ! NEER T
N f IR |
_‘ SRR é
! T : ‘ ‘, j ;
| . S : 3
! i 1 | - i
f ! i i +
| ,' e !
! s
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TABLE 3-3. LAUNCH OPERATIONS COMPLI! X GSE/ FACILITY INTERFACES |
YF - | v SR
CODE " FUNCTION DESCRIPTION * A " LOCATION DWG/FIG _ P}:\RAMETER
i : : !
LE-06 ECS Water/Glycol Interconnects facility ECS '! | o .
Return water/glycol returnto mobile : :
' ' launcher with/glycol coolant umt :
(orbiter: only). 3 : Vv !
LE-07 ECS Conditioned Air | Interconnects facility ECS éaystem o l‘
o : ‘| to orbiter Conditioned Air Valve Co - . . i,
Unit on mobile launcher, ’L f A ' BN | ‘
LE-08 ECS Conditioned Air | Interconnects facility ECS system R
to booster Conditioned Air Valve o
Unit on mobile launcher. ' B ‘
P i . A
LE-09 GN 2 Purge Supply Interconnects facility conver'ter ! T ' . * :
' . compressor to Mobile Launcher; - o 7 |
Nitrogen Purge Unit, .. .- | 1 - . | : . \
LE-10  |GHe Supply ' ‘ Interconnects facility GHe storage _ E
SRR to mobile launcher Pneumatic' | b o RE }:
| Disteibution Unit - i o df b :
. e ‘ ' ;
!
: i ] ' | F .
1 1 | i
S T ;
o Do !
oo 1
! . j | ;5
| i e §
} . 1 i
; 5 !
I , !
| \\ i | i ‘E
¢ \ t | .
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TABLE 3-3. LAUNCH OPERATIONS COMPLEX - GSE/FACILITY INTERFACES |
| . : A : Lo :
/F - N ': | YF o |
CODE FUNCTION | DESCRIPTION ot LOCATION | - | DWG/FIG , PARAMETER :
' L : ’ R :
‘ ! o : : . . o i
LE-11 GN 5 Supply : - Interconnects facility GN 2 storg’gei o ' B
' "1 {0 mobile launcher pneumatic '} ‘ | i:
distribution unit, ; 1 ‘ ' |
] i . 1 i
: SN : : ‘ I
: ! . . 1
"LE-12 Mobile Launcher Interconnects facility water supply ? | i
Hydraulic Supply to mobile launcher hydraulic .| - ‘ ' '
- supply unit. SR
B
LE-13 Mobile Launcher Provide mobile launcher fixed | ;
supporis to the launch pad, - || . |- | L
LE-14 Emergency Escape Interconnects crew and passenéer S N
Provisions emergency escape provisions o{vL : j ' |
' - the mobile launcher to the launc] 3
pad blast protection area. | ?
LE-15 | PGS LH,Supply | Interconnects PGS LH, fransporteri | .= JRER TR I
‘ to the mobile launcher PGS LI_-Ié o ‘ :
valve unit (Orbiter only) - . - L !
LE-16 PGS LO2 Supply Inter_coimects PGS LO_ transporter ! '
; i to the mobile launcher PGS LO 2 : i . :
: valve unit (Orbiter only). ‘ - z
i I : f&
! : ]
z L
% ! : 1; I . ;
- | 3
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TABLE 3—3.

!
i
|
:
i

!
L
B

GSE/FA CILITY [NTERFACES

1/F
CODE

FUNCTION

LAUNCH OPERATIONS COMPLE}IQ
:

DESCRIPTION

. YF
LOCATION

DWG/FIG

PARAMETER

LE-17

LE-18

LE-19

LE-20 -

LE-21

Hydrogen Disposal

LH 9 Vent_ (Oi'biter)

LH 2 Vent (Booster)

LH# Storage Vent l‘

GH-2 Supply .

! .

Interconnects the booster APS &'

APU gas generator exhaust ductlng

on the mobile launcher to the

facility hydrogen disposal system!.

Also provides orbiter APU GN 9
exhaust. interconnect,

Interconnects the famhty E .

hydrogen disposal system to the | [

mobile launcher orblter LH valve

2
umt._ S %

Interconnects the facility hydrogen

disposal system to the mobile . |

launcher booster and orbiter LH!

va.lve units.

Interconnects the LH storage

facility to the booster and orbiten .

mobile launcher LH valve unlts‘
: e

Interconnects the GH storage !

facility to the mobllezlauncher
‘booster and orblter GH ‘valve
units.

}
2 .
N
i1
|
)i

e
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TABLE 3-3. LAUNCH OPERATIONS COMPLEX

i
R
.
i i
1

- |
GSE/FACILITY IN

T

TERFACES

UYF
CODE

FUNCTION

DESCRIPTION

‘ I/F
LOCATION

DWG/FIG.

1
f
|
|
|
i
{

PARAMETER

LE-22

LE~23

LE-24

LE-25

LE-26

pr-7

LO_ Supply -
Rapid Fill

'L02 Supply -

Fine Fill

LO,, Disposal i

GO 9 Supﬁly :

]
1

t

Hydrocarbon Fuel ;

Supply

Interconnects the LO_ storage
facility to the mdbile %auncher
booster and orbiter LO 9 valve
units.

Interconnects the LO_ storage
facility to the mobilezlauncher
booster and orbiter LO 9 valve
unit, '
Interconnects the facility LO
catch tank to the mobile launcher
booster and orbiter LO 2 valve
units, .

Interconnects the GO storage
facility to the mobilezlauncher
booster and orbiter. GO2 valve
wnit, T
Interconnects the hydrocarbon
fuel storage facility to the mobile
launcher booster and orbiter
hydrocarbon fuel valve units,
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LAUNCH OPERATIONS COMPLEX - GSE/FACILITY

INTERFACES

1/F |

DESCRIPTION

{l

I/F -

DWG/FIG

CODE FUNCTION LOCATION PARAMETER
| !
LE-27 LO_/GO_ Recharge Interconnects the LO_-GO N .
2 2 f ;
- recharger to the G02 storage '
facility, | :
. % , P 11
| i ; ‘
. | o @
i E E ; |
: , i i :
{ .
‘ : ! ‘

I | f |
- - | ] ’
P 4 ' |
o R .
;o o ’-
by ! . 1\ o i
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1. SCOPE

R AT R g, £ et R = e T T i i it T

This Interface Deflmtlon Document 1dent1fles and defmes M&R Operations
Complex interfaces between the Space Shuttle Flight Vehicles (Booster Orbiter and
Payload), the Support Equipment, and the Facilities. It is in preliminary form-
defining vehicle to support equipment and support equlpment to facilities interfaces
in gross terms.

2. APPLICABLE DOCUMENTS

" This document comphes with all applicable requlrements of the followmg
documents: ' : o :

e e i o g i S i e e e et -

(a) . Space Shutﬂe System Speclflcatlon SSGISMOOOI

e el

7.7 (b) - Space Shuttle Ground System Specification;-‘-?ezosol ST L D e

{c) Space Shuttle BooSter-Specification, T6Z 0500 _

. (. Space Shuttle Orbiter Specification, CP613M0002. . .

___ 3. INTERFACE DEFINITION S
M&R Operations Complex functional interfaces for ma]or mechanical, fluid,
electrical and avionic subsystems are depicted in Figures 3-1 and 3-2. Physical
e~ interfaces between the M&R Complex and the air vehicles are shown in Figure
3-3. Interface data is defined on Interface Tables 3-1 and 3-2 for the booster 1
and orbiter respect:lvely to GSE and in Tables 3-3 and 3-4 for GSE to facﬂmes. -

All vehicle ground interface and GSE to facilities mterface requlrements
shall be categorlzed as follows - :

IR | 2 _Category I — those ground interfaces required to launch, safe, or main~ . |
- tain the vehicle in a safe condition, on the launch pad up to first vehicle
~motion. These ground connections are designated Rlse-off Disconnects
(coded BA for booster and OA for orblter)

(b) . Category IT — those ground service interfaces required to service the
.. vehicle at the launch pad; however, the service can be terminated prior -
to, or concurrent with, personnel ingress/egress access swing arm
F-1

SD 71-127



(©)

retrieval. These ground service interfaces are designated Swing-Arm
Umbilicals (coded BB for booster and OB for orbiter). -

Category III — those external ground service interfaces required for
scheduled vehicle servicing in the M&R area in preparation for launch,
- oo These services are designated External Service Disconnects {coded BC

for booster and OC for orbiter).

(d Category IV — those internal ground connections required for unscheduled

(e)

vehicle servicing in the M&R area, These services are designated

-Internal Service Disconnects (coded BD for booster and OD for orbiter).

- Category V — those ground services interfaces bétween the booster and

" facilities.

orbiter-common or dedicated GSE to launch pad; M&R and landing sifes ™~

These services are designated GSE - Facility Disconnects

landing sites). e o e

__ (coded LE for the launch pad, LR for the M&R area and LS for the

F-2
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TABLE 3-1

1
L
\
t

I

U .

M&R OPERATIONS COMPLE - BOOSTER INTERFACES
- VF | | i I/F | o
CODE FUNCTION DESCRIPTION LOCATION || DWG/FIG PARAMETER
BA 1 "t ECS Conditioned Air | Ground Cooling for C.a,biniand 5 Thrusf Section, ‘Fig, 3-1 25 lbg/min,
Equipment Areas ' ! ' 40°F
i \ . |

BA 2 LO 5 Fili and I:)rain LO_ System Pressurization and Thrust Section Fig. 3-1 _

Checkout | ..

o - | : ’- | | :

BA 3 LO, Main Engine - | Main Engine Bleed System | | Thrust Section - | Fig. 3-1

Bleed j. | Checkout - ! ' B <3

| i !

‘ i | , 13.

BA 4 LI-I.2 Fill and Drain . LH System Pressurizatmn and Thrust Section Fig, 3-1 g

5 Checkout : i : - ' 3

o , ; |

BA 1 " |ACPS Accumu}ator ACPS System and Main LH_ Tai Thrust Section Fig., 3-1 j

GH 2 Charge and pre-press System Checko'u? B I o !

Main LH, Tank ' |

Pre-Press - i

! - : . i

BA 8 ACPS Accumulator ACPS Accumulator GO System ‘|t | Thrust Section Fig. 8-1 ‘

GO, Charge = | * Checkout e '

BA 9 Helium Storage and GHe Pressurization for System Thrust Section Fig, 3-1 ‘

: Main Engine Purge Checkout ‘ i | - ' |

: i : . I - B ) R

BA 10 . |GN, Main Engine Main Engine System Checkout - Thrust Section || Fig, 3~1 |

Ground Purge ' ' ~ : !

- | i ‘ ;‘

; e : % : |

' ) 1

. 1

- |

o | :

s ' L. :

. ” P i
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TABLE 3-1..

-i B 4"
{ |

. - BOOSTER INTE

PR [P S

!
1
|
!

M&REOPERATIONS COMPLE?
: . ]
?
|

. 1
RFACES - !
I/F | o I/F |
CCOE FUNCTION DESCRIPTION ° LOCATION DWG/FIG PARAMETER
BA 12 JP Fuel Tank Fill JP Fuel System Checkout “Thrust Section| | Fig. 3-1
and Drain . J‘ _
! E ‘
BA 13 Electrical Gjround _ Ground Electrical Power for Thrust Section Fig. 3-1
Power Umbilical Systems Operation and Checkout : :
! I ;
BA 14 Electrical Ground Vehicle to Ground Connectlon Thrust Section ' Fig, 3-1
i Durmg Checkout ; :
t i § . ‘l\
‘ . |
BA 15 Data Bus #1, Ground Data Path to Vehlcle DCN {: Thrust Section Fig. 3-1. !
Umbilical System 1 ‘ : ;
BA 16 Data Bus #2, Ground Data Path to Vehlcle DCM | Thrust Section| | Fig, 3-1 !
Umbilical _ System s - -
_ : . : i
BA 20 Booster Vertlcal Provisions for Lifting _Bodster to Forward Sup-~ Fig, 3-3 '}
' 'Erection: Vertical Mate Position port System ;
BA 21 Booster Veri;ical; Provisions for Lifting _Buostef to Thrust Fig. 3-3 1‘
Erection | ‘ Vertical Mate Position ! Structure ‘ ¥
BA 22 Vehicle J ack;ing Provisions for Raiging Booster Nose Gear Fig. 3-3 \
' N for Landing Gear Ground Opera- Structure ' i
] ' tions Attachment ! i
| |
| .
i : ’!
i
i
E




A S|

S : ‘
N | | z
"TABLE $-1, M&R OPERATIONS COMPLEX - BOOSTER INTERFACES
| i s | | a |
‘ i i ; {
I/F f : 1 I/F o ;
CODE FUN C'I'IQN DESCRIPTION . LOCATION DWG/FIG PARAMETER
BA 23 Vehicle J acking Provisions for Ra.isilig Booster Thrust ' Fig. f:'3l—3
for Landing Gear Ground Structure '
Operation ' ‘ Support .
: | .
i ' . ! . L
BD1 - LH,_ Horizontal LH,, System Checkout ! Fig. 3-1 '
Filf and Drain | ~ 1‘ '
BD 2 LO, Horizontal LO,, System Checkout | Fig. 3-1 ,
Filf and Drain : i
o | , | | |
BD 3 JP Tank Horizontal | JP Fuel System Checkout Fig, 3-1 ‘
Fill _ | -
P L g _
BD 4 ‘Hyd, Storage Pressurize Hyd, System for : Fig. 3-1
Bottle #1 GN Ground Checkout
i :2 | L. .
Charge . : ,‘ : : :
. * H } . . ¥
‘ ' ; : ;
BD 5 Hyd. Storage Pressurize Hyd. System for : Fig. 3-1
Bottle #2 GN 2 Charge | Ground Checkout . | - ' | ¥ f
BD 6 Hyd. Storage Botile | Pressurize Hyd. System for ' - Fig, 3-1 |
#3 GN 9 Charge Ground Checkout o |
BD 7 Hyd. Storage Botile | Pressurize Hyd. System for | Fig, 3-1 i
#4 CN,, Charge | Ground Checkout | ' a
: . H - l . - 3
T
X ;
| | |
E ] ]
| :
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TABLE 3—1.

1

i l
|

1]

| i

| |

1

- BOOSTER INTER

TS S e,

gl - A

M&R OPERA TIONS COMPLEX FACES g
I/F ; - | I/F
coDE FUNCTION DESCRIPTION - LOCATION DWG/FIG PARAMETER
BD 8 Hyd, Motor #1 Hook up for GSE Hyd. Motor for j Fig. 3-1
Drive Booster Hydraulic System Ground', :
i Operatmn i
i .
BD 9 Hyd. Motor #2 Hook up for GSE Hyd, Motor for | | Fig, 3-1
Drive * Booster Hydrauhc System Ground | ! ! 5 : L
Operation. S i : |
' L | ¢
. l : . . {
| 1
BD 10 Hyd. Motor #3 Hook up for GSE Hyd, Motor for Fig, 3-1 !
' Drive Booster Hydraullc System Ground ||| N
Operation L E
BD 11 Hyd. Motor #4 quk up for GSE Hyd. Motor for ! l Fig, 3-1 :
Drive Booster Hydraulic System Ground :
Operation ‘ |
BD 12 Hyd, Cooler #1 Hook up for Cooling Booster , Fig. 3-1 j
Water Supply | - Hydraulic System during Ground o |
: Operanon i i
BD 13 Hyd Cooler #1 Hook up for Cooling Booster g Fig, 3-1
Water Return | Hydraulic System during Ground : | ‘}
Operation ; X j
BD 14 Hyd, Cooler #2 Hook up for Cooling Booster Fig. 3-1’ i
J

Water Supply !

Hydraulic System During Ground
Operatmn _

i
!
i
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TABLE -1, MeR OPERATIONS COMPLEX - BOOSTER INTERFACE
i : , \ ' A ‘ ;
— [ !
1/F - ; I/F ‘ .
CODE FUNCTION DESCRIPTION LOCATION 'DWG/FIG PARAMETER
"BD 15 Hyd, Cooler #2 Hook up for Cooling Booster . Fig, 3-1
Water Return Hydraulic System Durmg Ground
‘ Operation ' g
| ? |
BD 16 Hyd, Cooler #3 Hook up for Cooling Booster || . Fig. 3-1 :
Water Supply - Hydraulic System Durmg Ground|’ 4- : ;
' Operation | ! | ‘
BD 17 Hyd, Cooler #3 Hook up for Cooling Booster || . » , Fig. 3-1 ,%,
Water Return Hydraulic System During Ground ‘ :
S Operation - | :
. i . . : | i
' b : | . |
BD 18 Hyd. Cooler #4 ! Hook up for Cooling Booster Fig. 3-1 :
Water Supply Hydraulic System durmg Ground ' ‘t
- E : Operation :
P : : ‘ :
. . . : i
BD 19 Hyd. Cooler#4 Hook up for Cooling Booster Fig, 3-1 :
Water Return Hydraulic System Durmg Grouncl 1 i
Coy ,Operatlon 3l 1 :!
BD 20 | ABES Lubrication Fill Pressurized Oil Tank for | ' Fig, 3-1
thru | Oil Pressurized Tank| Vertical Launch : |
BD 31 Finl - : ;
[ 1
!
! |
H |
g ;

1
i
—
|
|
{
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TABLE 3-1, M&R OPERATIONS C?MPLEX - BOOSTER INTERFACES
s T | | i ) ;
1/F - - 1/F .
CODE FUNCTION DESCRIPTION : LOCATION DWG / FIG PARAMETER
BD32 | ABES Lubrication | Pressurize BD 20 thru BD 81 | Fig. 3-1
thru 0il Tank Tanks for Vertical Launch -
BD 43 Pressurization ‘ : I
BD 44 ABES Lubrication Drain Main Qil Tank Before ! 1 Fig, 73--_1
thru 0il Main Tank Drain | Vertical Erection ‘ . : :
: |- o | ;
? | ' |
BD 56 Hydrocarbon Fuel Drain Residual Fuel and ! Fig, 3-1 ;
Tank Horizontal Maintaining Blanket l ' .
Drain : . Pressure in the Tanks | '
] ;
: co |
g |- H
. | | 1ORE |
. | -'
; I ?
i ‘ o L !
' ! |
| N ; 1. ) |
P . ' . |
j . H ! i
i b I i i ]
! P ! i 1 %
o ! ‘ !
; ‘ 1 t E
| f
| | | :
? Tf
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TABLE 3-2. ; M&R OPERATIONS COMPLEX - OR [TER INTE?FACES: i
: ‘ )
CODE FUNCTION DESCRIPTION | LOCATION [ DWG/FIG PARAMETER
- 0Al ]‘..H2 Tank Pre-Press Standby blanket pressure - : Thrust sectior Fig. '3-2
0AZ2 IHp 11l & Drain Leak and Functional Checkout ﬁ Thrust Sectior 1Fig. 3-2
0A3 ACPS GHp Fill Leak and Functional Checkout Thrust Sectior Fig. 3-2
0A5 On Orbit GHo Vent | Leak and Functional Checkout Thrust Sectiop |Fig. 3-2
OAT GH, Hot Exhaust | | Thrust Section |Fig. 3-2 ;
. : ’ | : : . : i
0AB LO, Tank Pre-Press | Standby Blanket Pressyre Thrust Section |[Figure 3-2 §
- OAO 105 Fill & @rain Leak anq Functional Cﬁe¢k0ut Thrust Section |Fig. 3-2 %
QAl1l Ground Elecmricél Vehicle .Ground Servicing Power Thru§t Section lFig. 3-2 %
Power No. 1! o | B - i
0Al2 Instrumentatlon/ Vehicle Control When flight Thrust Section |Fig. 3-2 %
Communlcatlon No. 1 ¢ ‘ fo N ) :
0A13 ACPS GO F111 Leak and Functional Check Thrust Sectiop |Fig. 3-2, ;
OAllL Ground Elec‘trlcal Vehicle Ground Servicing Power Thrust Sectiop |Fig. 3-2 I'
Power No, 25; ‘ S o] | .j‘fﬂ L _ i‘
QAlS Instrumentatlon/ Vehicle ‘Control w:hen f‘light | Thrusit Sectiou Fig., 3-2 i
Communication No. 2 | Deck is Unmanned b ' : '
0A18 . Helium Fil% o Leak and Functional Checkout Thrust Section |Fig. 3-2 |
0A16 Vehicle-Ground ° Ground Vehlcle o g; “oae L Phrust Sectiopn [Fig. 3}-2.' !
OBl PGS IHo Fil} #1 Ieak and Functional Cﬁeck' Mid Body Fig.‘3;2 i
0B2 PGS TH, Fill #2 Leak and Functional Check . {| ;| Mid Body Fig. 3-2 ;;
. . . ' . . : A “ L. o E
0B3 PGS GHp GSE Supply |Leak and Functional Check . Mid Body Fig. 3-2 :
o - . !
3 ; : 1
. A
; : f ;
; | |
{ f < H
3 E %
|
|
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TABIE 3-2.

\
\
Y

M&R OPERATIONS COMPLEX

El

!
o
i
i
1

(ORBITER INTERFACES

|
|
| |
|
!
!
!
|
[

1/r | | | T/F T
CODE FUNCTION ' DESCRIPTION LOCATION DWG/FIG PARAMETER
OBl Primary HX -Coolant Hookup to ground supply for : Mid Body Fig. 3-2

Supply . .system operation and checkout : _
! _ ‘ A L -
OB5 Secondary HX Hookup to ground supply for | Mid Body Fig. 3-2
‘ Coolant Supply system operation and checkouﬁ C ‘
OB9 Primary HX;Coolant | Hookup to ground supply for E -Mid Body . Fig. 3-2° i
Return ! system operation and checkout o : ;
: ! | , . '
OB10 Secondary HX Return | -Hookup' to ground supply for E Mid Body Fig. 3-2 ﬁ
o | system operation and Fheckout f ! i
: % i i , |
OB11 PGS L0 Fi;l #1 Ieak and Functional Checkoutf Mid Body | |Fig. 3-2 {
| P s !
OBl12 PGS LOo Fill #2 Leak and Functiohal Checkouti Mid Body ' {Fig. 3-2 1
: . . i
OB13 PGS GO» Supply ' Leak and Functioconal Checkout Mid Body. | | |Fig. 3-2 ¢
OB1Y4 JP Fill' | Leak and Functional CheckoutEV | Mid Body Fig. 3-2 !
; } ‘ : ﬁ
AR , :
ocl GNp Fill #1 . Leak and Functional Checkout ‘Forward Body | |Fig. 3-2 !
o , S . |
oc2 GNp Fill #? ! Leak and Functional Checkout Forward Body | |Fig. 3-2 E
g s P . L. - to
e . )
0C3 Potable Water Fill | System checkout and launch Forward Body Fig. 3-2 :
g ‘ preparation fill ; ;
N . | - ]
och Waste Water Fill System checkout and launch Forward Body.| | Fig. 3-2 |
‘ ' ; preparation fill :

¢
1
i
%
I
|
!
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TABLE 3-2. ' MXR OPERATIONS COMPI.EX ORBITER INTERFACES ‘
—— e ey L (__"uuyn.”nm;_.n%- —
1/F L i | : I/F Lo

CODE FUNQTION DESCRIPTIO? : LOCATION DWG/FIG o EARAMETER
oDl Primary Freon Supply System checkout and launch : Fofward Body Fig. 3-2 i
‘ . | preparation £ill eg 3 : {
! ’ i . . b
oD2 Primary Freon System checkout and launch Forward Body . | Fig. 3-2 ‘
Return preparation fill ; ' 1
0D3 Primary Water System checkout and launch Forward Body - |Fig. 3-2 :
Supply preparation fill i ' ' ' Q
oD4 Primary Water System checkout and launch Forward Body - |Fig. 3-2 “

Return - ‘ preparation fill : ' o

L H
0D5 Secondary Freon System checkout and launch Forward Body Fig. 3-2 %
Supply preparation £ill ' - ' F
Co h
D6 Secondary Freon System checkout’ and launchi Forward Body Fig. 3-2 E
Return preparatlon 1 ?
ob7 Secondary Water System checkout an@ launch Forward Body Fig. 3-2 !
Supply preparation fill | ' 5 i
| ‘ z . ﬁ
op8 Secondary Water System checkout and launch Forward Body = | Fig. 3-2 !
Return - : preparation fill | = : : d
0D13 PGS Fill for FCP #1 Coolant Forward Body |Fig. 3-2 “

Coolant Supply FC#1




0Z-3

1L db

Let

H ; f .f ; ; ; i =
1 | 1. . : S
; f j b \ Lo
i S 5 . b
: | | L |
TABLE 3-2. M&R OPERATIONS TCOMPLEK; « ORBITER INTERFACES !
i t . . l 1 !
1/F R | I CIfF | \ |
CODE FUNCTION DESCRIPTION o IOCATION | ‘ DWG/ FIG PARAMETER
' - qo i T : :
op1k | Coolant Return PGS Return for FCP #J, Coolant! - | Forward Body|- Fig. 3-2 f
FC #1  lLoop , ! i ; . : ;
: ‘ ' S . f :
oD15 Coolant Supply  [PGS Fill for FCP #1 Coolant Loop ' Forward Body; - |Fig. 3-2 ‘
FC #2 B ; P S : 3‘_
0D16 | Cooiant Return PGS Return for FCP #2 Coolant | Forward Body| |Fig. 3-2 {
FC #2 : Loop ; AU
oD17 Coolant Supply PGS Fill for FCP #3 Coolant Loop | Forward Body] |Fig. 3-2 !
oD18 - Coolant Return PGS Return for FCP #3 Coclany | Forward Body Fig. 3-2 ‘
g , T 5 %;
P | o » » |
on21 Hydraulie Ground Fill Hsrdra.ulic Systez{x'#l . | Aft 1c]E!c.u?Q,r " | Fig. 3-2 gli
| Supply #1 \ | ; ' . i B
oD22 Hydraulic Ground  |Return Hydraulic System #1 || - | Aft Body ' | |Fig. 3-2
Return #1 o , . : f
S : 5 N : | g
oDe3 Hydraulic Ground  [Fill Hydraulic System #2 .| Aft Bogy : | |Fig. 3-2 %
Supply #2 - ; g . : _ “
N . ’ i
; : : |
oD2L Hydraulic Ground Return Hydraulic System #2 - | Aft Body | Pig. 3-2 i
Return #2 ‘ | - $ ‘ |
' )
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i TABLE 3-2.

MAR OPERATIONS COMPLEX

1
(
|
|
t .
|
}
i

ORBITER: INTERFACGES

céég FUNCTIOﬁ DESCRIPTION §

0b25 Hydraulic Ground Fill Hydraulie System #2 ﬁ
Supply #3 § !

0oD26 Hydraulié Ground Return Hydraulic Syste;A#3 !
Return #3 o

op27 Hydraulic Ground Fill Hydraulic System #M :
Supply #4 f |

0p28  |Wydraulic Ground | Return Hydraulic System #i
Return #4 ‘ ?

0D29 Hyd. GNp Press #1 | Hydraulic GNp Fi11 Storage Bottl

0D30 Hyd. GN, Press #2 g;driullé GNQ Fill storage Bott

0D31 Hyd: GNy Press #3 g;ériullc GN> Fill Storage Bottl

0D3é Hyd. GNp Press #h g;drzuli; GN2 Fill Storage Bo£t

0D33 ABES 0il Fill #1 ﬂgEs 0il Fill No. 1

ob3  |ABES 011 Fil #2 | ABES 0il Fill Wo. 2

OD35 ABES 0il Fill #3 ABES 0il Fill No. 3 |

036  |ABES 011 F111 44 | ABES 011 Fill Wo. ) E

1

1

i

-

S

I/F
LOCATION

Aft Body
Aft Body
ATt Body

AL Boéy-‘

=

Forward Engine

LH i
Aft Engine RH

Forward Engine
IH - :

| Aft Engine RH

Y

‘Fig. 3-2
Fig. 3-2

Fig. 3;2

Fig.

Fig.
Fig.
Fig.
Fig.
'Fig.
Fig.
Fig;

Fig.

U S

DWG /FIG |
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TABLE 3-3, M&R OPERATIONS COMPLEX - BOOSTER GSEi TO FACILITIES INTERFACES

I/F ' N
LOCATION DWG/FIG | PARAMETER

1I/F : :
CODE FUNCTION DESCRIPTION *1

(ALK |

|
k
LRO1 GN2 Supply Interconnects Facility GN : , A | Fig. 3-1 3600 psi
’ ‘Repulator Station to GSE neumatlc ! ‘
' Control Unit - -
LRO2 GHe Supply | Interconnects Facility GHe | o ‘ Fig. 3-1 SQOO psi
' | 'Regulator Station to GSE Pneums.tic : ' , i
; Control Unit 5 o e o r
LRo3 GHe Supply Interconnects Facility GHe - ' .| -Fig, 3-1
| Storage to GSE Pneumatic | : o
Distribution Unit - ’ _ - : |

LR04 GN,, Supply i Interconnects Facility GN,, _ | Fig. 3-1

' ' Storage to GSE Pneumatic || | | o ' '

i -Distribution Unit ' ; :

) | ' L | R O -
LRO5 .. Conditioned Aii‘ Interconnects Facility Air _ N Fig. 3-1

| Supply | Conditioning System to GSE : ¥ :

Disconnect for Vehicle

Conditioning '

!
4
H

S P f g. | .

- - : : P ol 1 .

LRO6 Air Supply Interconnects Facility Air Supply - ; o Fig, 3-1 :
' to General Useage Air GSE B '

o~

!
: R S R
LRO7 Water Supply Interconnects Facility Water

; | ‘Supply to Water Coclant Servici
oy Unit and General Useage Water!
': GSE B 1,

Fig, 3-1 ' | . 1
' |

—
]
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TABLE 3-3. M&R OPERATIONS COMPLEX - BOOSTER GSE TO FACILITIES INTERFACES
e — ) B ERT -
CODE FUNCTION DESCRIPTION - e! LOCATION | DWG/FIG PARAMETER
LRO08 Ground Electrical Interconnects Facility Electrical Fig. .3_-i ‘
‘ Power : Power to GSE Electrical Power P ‘ ?
' Conditioning Cart 3 ' .
LR09 | Electrical Ground | Interconnects Facility Electrical L | Fig. 3-1 |
B Ground to GSE Disconnect for ' ‘ - ]
} Vehicle Ground
| |
, ; ! ,
% ! w‘ |
H |
: ; I Lo I
\ ’ o 2 RE !
- | N
L | b ‘;;
| | ;
; ; by
B f‘
i [ i .:
I | P
S . L :
i ] i b |
P |
( . )
{ i | g
! ! 't :
# ! I
; : 1
‘ i |_ : |




F-25

T 7. L. e .0 N&R OPERATIONS COMPLEX - . % iR
o 7 T ORBITER GROUND SUPPORT EQUIPMENT- (GSE) ) B
TO |
- | FACILITIES S
- INTERFACES



; . A e BT o

9¢-a

| 0 o
, TABIE 3-k. MZR OPERATIONS COMPLEX - ORBITER GSE TO FACILITIES TNTERFACES
i i i . | ) - . - ! ;
- ' . ] : : . - . } 3 :
FODE FUNCTION DESCRIPTION ! LOCATION DWG/FIG | PARAMETER
LR101 Facility Electrical | Procide Electrical Power to the VAB Fig. 3=2
IR102 GNo, He Supply Provide GN2 and He to the VAB Fig. 3=2 : L
‘ Pneumatic Control Unit and | ' o EP et
Gag Distribution Unit i _ :
- 4 o l?
LR103 GNp, He Supply Provide GNo2 and He to the . VAB Fig. 3-2 ;
' Pneumatic Distribution Unit | ‘ : ' ;
LR104 Conditioned Airg - | Provide Ventilation fq.'fr R § VAR~ 1| Fig. 3-2° g
f Interior Vehicle Work Areas S . . |
: i b : y
IR104 Facility Air Supply | Provide Facility Air for Cenergl - VAB x Fig. 3-2 !
Usage T - ‘t - B 1
. ‘ o : ? . . L i-i S w
IR106 | Facility Water Provide Facility Water to the VAR Fig. 3-2 ;f
. Supply . ; Conditioned Air Unit ! - S : :
' STy S : S | i
'i . - ‘.
i o ‘
|
! P ;
3 | | |
IR P |
R T ' !
G f
] ::
. ! E o i
1 g . |
: H ! !
; j !
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1, SCOPE

Payload), the support Equipment, and the Facilities., Itis in pre}.lmmary form,
defining vehicle to support equipment and support equxpment to famlmes 1nterfaces
___1n gross terms

2, APPLICABLE DOCUMENTS

This_document complies with all- apphca.ble requlrements of the following

- documents: _ o o e

" (a) Space Shuttle System Specnflcatlon SSSI3M0001 e

(b) - Space Shuttle Ground System Specumatlon, 7620501

{c) SDace Shuttle Booster Spec1hcat10n 7620500

(d) Space Shuttle Orbiter Specification, CP§13M0002

— =g INTERFACE DEFINITION ‘ S -

Landing Sites functional interfaces for major mechanical, ﬂuld electrical
and avionic subsystems are depicted in Figures 3-1 and 3-2. Interface data is
defined on Interface Tables 3-1 and 3-2 for the booster and orbiter respectively.

‘to GSE and Tables 3-3 and 3~-4 for GSE to facilities.

_ All vehicle ground interface and GSE to facilities interface requirements
- - —shall be categorized as follows:

(a) Categoryl — those ground interfaces required to launch, safe, or main-
tain the vehicle in a safe condition on the launch pad up to first vehicle
motion., These ground connections are designated Rise-off Disconnects

{€oded BA for booster and OA for orbitery, - - ~-mr - —o e —

(b) Categom 11 — those rrround service mterfftces requlred to service the
vehicle at the launch pad; however, the service can be terminated pI‘IOI‘ .
to, or concurrent with, personnel ingress/egress access swing arm
retrieval. These ground service interfaces are designated Swmg—Arm
Umbilicals (coded BB for booster and OB for orbiter).

G-1

SD 71-127



Vot e s simme

(c)

Category III — those external ground service interfaces required for
scheduled vehicle servicing in the M&R area in preparation for launch,

These services are designated External Service Disconnects {coded
BC for booster and OC for orbiter).

(dy ~“Category 1V — those internal groﬁnd connections required for unsched- -

.uled vehicle servicing in the M&R area. These services are designated

Internal Service Disconnects (coded BD for booster and OD for orbiter).

{e) Category V — those ground services interfaces between the booster and
orbiter common or didicated GSE to launch pad, M&R and landing sites
facilities. These services are designated GSE - Facility Disconnects

-(coded LE for the launch pad, LR for the M&R area and LS for the

—Tanding sites).

G=-2
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L21-1L a5

i | |
| TABLE 3-1, LANDING SITES . BOOSTER INTERFACES T
YF | l o | | | | yF .
CODE FUNCTION = DESCRIPTION 1 LOCATION | DWG/FIG }PARAMETER
BA 1 ' - ECLSS Conditioned Ground Cooling for Cabm and : Thrust Sectjon Flg 3-1 : 25 lbs/mm
1 Air ? Equipment Bays [ -'; L : S - 40 F
BA 2 | LO_ Fill andDrain | Post-Landing LO, System and ; | Thrust Section | Fig, 3-1 | 13" line
) 2 ‘ : : oo : . : :
§ Tank GN 9 Purge | i L :
BA 4 | LH_ Fill and Drain | Post-Landing LH System ancl ‘ Thrust Section Fig. 3-1 |+ 13" line
: - Tanks GN Purge | | Do AN R i {
‘ N E ' = ‘ | | o .
BA 5 GHZ“ Vent | LH Systems Vent Provmmns L Vertical Fig, 8-1 - ? 10" line
' to ﬁurn Pond =~ * © il 1: | Stabilizer ‘
7 I '. ; F E : R . T:
BA6 | Hot Gas Exhaust | APU Ground Run Exhaust Vent to | Vertical Fig, 3-1 ‘
: ‘ -, | Disposal R s e R - 1
‘ ! o SRN! I LY S T b
BA7T Acps Accumulator _Post~1.anding GN,, Purge '. | Thrust Section | Fig, 3-1 | 2.75" line
| Charge and ¢ | Provisions ' | : S N
- Ma?n LH, Tank | -~ i r
Pre-Press I ‘ :‘
o = \'
S o ! A : '
BA8 | ACPS Accumulator Post Landing GN2 Purge |+ | Thrust Section Fig. 3-1 i 3" line
GO, Charge , Provisions . P 7 o *
L ST I 1 I I T I s
BA 12 Hydrocarbon Fuel ' . Post-Landmg GN_ P;urge 'I ‘Thmst Section Fig. f3-1
' Tank Fill and Drain | Provisions ; I ] ' T . |
. i . ) - ) oyl o . i
ot z ';
| ! P 3
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- TABLE 3-1. LANDING SITES - BOQSTER INTERFAC S ! |
I/F : i 1/F . | !
CODFE FUNCTION . - DESCRIPTION : B LOCATION DWG/FIG 'PARAMETER
BA 13 Electrical Ground Vehicle Systems Power when| - Thrust Section Fig, 3~1 ir
Power Umbilical APU's Shut Dom o . : !
BA 14 Electrical Ground | Vehicle Ground durmg Safmg Thrust Section Fig, 3-1
x L Operatlons i K Y f
BA 15 Data Bus #1 Ground Data Path to Vehlcle DCM | Thrust Section Fig, 3-1 :
| - 1| System ] 1 o R
: i . i : : i 3
BA 16 | Data BEIS #2. 'Ground Data Path to Vehicle DCM | Thrust Section | - Fig, 3-1 - |
' ' o System o . Lo ‘ |
: SR R I | J%
BD1 . LH Homzontal F111 Post- Landmg Dram Provisions - i Fig, 3-1 ;
an Dra.m‘ , ] to LH Catch Tank | 1o e o iz
o N N ! S :I ,
. ‘ I NP S I :
BD 2 - LO: Horlzontal - Post-Landmg DraineProVisidns! P IR { Fig.13-1 5 :
‘ Fll? and Drain LO 5 Spill Pond : S T N T :
| N o 1 RN R I :
.BD 56 Hydroc!arbon Fuel | Post-Landing Drain Provisions' ; i Fig, 3-1 i;
Tank Horlzonta.l to Hydrocarbon Fuel Facility, ' P : j
‘Drain i | Tank : R CoL 1‘
o SN ]
' ' NI Cod R
5 1. o . {
: o L N
, : ! [ | { 5 ,
, | NI | rf |
? L ? |
I oo s ! !
' oo : 4
; ;- P : ;
k - I :
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‘ | | TABIE 3-2. IANDING SITES |- | ORBITER INTERFACES |
1/% ; T I B o |
CODE | FUNCTION to DESCRIPTION ; f LOCATION .DWG/FIG i PARAMETER
: 1 ;
O0A1 IHp Tank Pre-Press, | Post-Landing GNo Purge of Ere- Thrust Sectioj Fig. 3-2 El" Line
| L © . | Press Line : i SR E
OA2 '|1Hy Fill & Drain . Post-Landlng LHp System GNH Thrust Section .Fig. 3=2 . 8" Line
: Purge and IHp drain to catch!. : \ : -
; | tank INE ! g%
QA3 ACPS GHg Fill ' .IPost—Landing GNQ Purge : ; .- |Thrust Section | Fig. 3=-2 Fl“ Line
. . | L ‘ . . A
. Do o o i
0A5 GH2 On-Orblt Vent Post—Landing Vent to Safe | | : |Vertical’ Fig. 3-2 [ 3" Line
' ©y ¢ - |Disposal |+ |stabilizer {
. H E o H ! ) ' : !
OA7 GHelHotSGas Fxhaust | Post~Landing Vent to Safe ! fi 1Vertical Fig. 3-2 llO" Line
R Disposal ‘ ;| i |Stabilizer L
N | SR |
0A8 LOp Tank Pre-Press . Post-Landlng GNo Purge of the ; |Thrust Section | Fig. 3-2 1" Line
C E - ‘1. |Pre-Press Line e ; ; i P Lo !
! ’ 14 RRRE I Lo |
i i N Y O R : : ! .j
LOE Fill & Drain Post—Landing L02 System GNr T IThrust Section | Fig. 3-2 ;8" Line

0A9

0A10

0A1l -

0Al2

!
]
i

R
i

VEhicleiPurée
!
Electrical Ground
Power #1

Instrumentation/
Communlcatlons #1 -

‘_ Dry Air or GINp

Purge and 102 Drain to Catc
Tank . ; ,?

Vehicle Systems Power when
Shutdown -

Vehicle Control when Flight
Deck is Unmanned

h .

IThrusi Sebtinn

. Thnust Sentiqn

L
E) F
R

I
Thrust Section

H l ;

': Fig. 3-2

Fig. 3-2

12" Line

OA13 ACPS -GOp Fi11 Post-Landing GNE'Purge 4 .| Thrust sectiion Fig. 3-2 |'|1" Tine
- : ‘ .l o g I I : ' P
. ! . R : ; P L : S 3
T : L f 3
g ’ f [ ;
! ; ! ;
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1

|

|

. : : T
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o

|

“

|

|

i

I/F | | e N |
CODE - FUNCTION DESCRIPTION TOCATICON DWG/FIG EPARAMETER
OALll Electrical Ground Vehlcle Systems Power when AEU'S Thruét Section | Fig. 3-2 . %

Power #2 | . Shutdown ‘, j | |
l ' - - !
0Al5 Instrumenta.tion/ | vehicle Control when Flight : Thrust Section | Fig. 3-2
CommunlcatiOns #2 Deck is unmanned | ! Lo : 1
0Al6 Vehicle Ground ‘ , '
! ! o i
i E o | .
OBl PGS IH, Fill #1 Post-Landing GNo Pu.rge S lia pody Fig. 3-2
; _ E . 2
0B2 PGS LHp Fill ‘#‘2 Post_—Landlng GNo Purge D[ Mid Bod,y Fig, 3-2
i S
0B3 PGS GH2 Supply Post-Landing GN> Purge "I Mid Body Fig. 3-2
1 . |
| : o ]
OB4 Prlmary HX Supply Primary Heat Exchanger Ground L Mld Body N Fig. 3-8 ﬁ
! Supply I ; o
OB5 Secondarﬁ‘HX Supply | Secondary Heat Exchanger i i Mid Body Fig. 3-2 g
o : . | Ground Supply Y :
‘ ' t ' o ; . 5
0BG PGS IHo Vent #1 Post-Landing Purge & Drain j Mid Body Fig. 3-2 J
b | o o f
0B7 PGS IHp Vent #2 Post—Landing Purge & Drain 1 Mid Body Fig. 3-2 i
Ch I o 7
0B8 Fuel Celi GHp Purge Post—Landing Vent to Burn Pond Mid Body i' Fig. 3-2 ;
0B9 Primary Coolant Heat Exchanger Fluid Groundw Mid Body Pig. 3-2
Return ! Return ' !
0B10 Secondary Return Fig. 3-2

Heat Exchanger Fluid Ground
-Return - :

Mid Body
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E%TABLE-3-2. LANDING:SI?ES. - DRBITER INTERFACE |

1/r | o 1
"DESCRIPTION |

CODE

FUNCTION .

_ LOCATION

DWG/FI&

PARAMETER

OBll

0Bl2

OBl3

OBk

PGS LOp Fill #1
PGS 10 Tank #2 Fill
PGS GOp Supply

JP Fill

Post=Landing GN2 Pu‘.?ge- ‘
Post-Landing GNp Purge
Post-Landing GNp Puige'

Post_- Landing GNQ' Purge ‘

|

i
|
i
I
i
|

Mid Body

| Mid Body

'|Mid Body

Mid Body

Fig. 3=-2

Fig. 3-2 -

Fig.‘3-2

Fig. 3-2.

H
b
:
:
!
ot
:
i
[
|

OB15 PGS LOo ‘{ent'#l ' i : Post-Landing Purge and Drain ' , [Mid Boay : Fig. 3-2
. . ! : . ' I i i . i .

; T T e e S B D

0B16 PGS 10p Vent #2 Post-Landing Purge and Drain | |[Mid Body Fig. 3-2 -

' N ‘ A . ‘ :
0B18 IHp, Main éTank Vent ' | Post-Landing Vent to Burn Pond (Mid Body Fig. 3-2° |
0B19 02 Purge E:Vent o i Poat;Ianding Vén‘l: to' Atmspﬁer:ez-, Mid Body 'f; ‘Fig. .3-2

P 1 1 ’é._gfg; B @[ :
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TABLE 3-3, ¢ LANDING SITES — BOOSTE iGSE TO FACILITIES INTERFACES i
1/¥ : - | i I/F
CODE FUNCTION : - DESCRIPTION | LOCATION DWG/TIG PARAMETER
LS-01 GN2 Supply Interconnects acility GN  Stordge . Iig, 3-1 "
; Supply to GSE N1tr0gcmI Dlstlll)ution
Unit : i : ,
LS-02 Water Supply | Interconnc(,ts Facility ther Supply | Fig, 3-1
: and Return to GSE Condltlomned Air E 1
Unit | : } ' i A :
' : ‘; |- .
1.5-03 Air Supply Interconnects Facility Air Supply T Fig. 3-1 "[
T to General Useage _GSEi : : C | ‘ '
i L ‘ i i .
: ; i | A I ,
LS-04 LO2 Disposal Interconnects LO Horlzontal Pliu 1 L Fig, 3-1 %
b li and Dram GSE t02LO Sp111 Pond | . SR ' ;
: : [
LS5-05 GHs, and Gas ' Interconnects GSE Used for Maln . ' Fig. 3-1
| Generator;Exhaust [and APS Tanks GH, Vents, and} -}~ .| . 7 - . i
Disposal * APS and APU Gas Generator | ! 1 S o |
R Exhaust to Faeility Burn Pond 1 i (‘
L5-06 LII2 Drain | Interconnects GSE Uscd for i} : 1. P : Fig, 3-1
: Horizontal LY _ Drain to the I E ‘ |
, Facility LIL, Catch Tank ;
i [
i . . : i | : I
\ o 1 ' . | | ' ! q
L5-07 Data Retrieval Interconnects GSE Data Termin?ﬂ 1 , i Fig, 3-1
- Unit to the Central Instrumentatipon | f : | 7 :
‘ Facility | . i - -3 :
\ ' . . . ! ! 1
L L ; i
o ;
| |
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TABLE 3-3,

: !
: LANDING SITES —

!
i
-

BOOSTER G

|
|

!

SE'TO FACILITIES

INTERFACES

I/F
CODE

FUNCTION

DESCRIPTION

i
;

|

I/F
LOCATION

DWG/FIG

PARAMETER

1S-08

Electrical Grouﬁd

| Interconnects Booster Vehicle

Ground to the Facility Ground

Fig. 3-1

1
e ! ;
i i i ' .
I 4 i :
i | ¢ :
. ! !
] . i { :
1 ! b :

4 |
" ] 1 1
1 b % ‘
1 . ' N T '
: : ; )
) ; ' i } H
i ; : ' i !
: { < | ! ;
; § B ; 1
i : . | i
: i i | !
! | : i i
; 4 i E { ; H
I I T |
‘. . ! A ’ { |
i ‘ | - |
| i - ! i
. 3 ' ‘ ! |
; ‘ , : ! :
‘ : . L ) ! :
L N I : : '; :
! 1' » ‘ i i |
i ¥

i H 1 L !
j i 5 i ]
: 1 % : fi
' I ‘ ! | i
f H :
* § L i iE
- f ‘; i :!
: - !
| i ! ! : i
! ! ! . 1 I . i
Cd | L. B i
T 1‘ ‘E l
‘L | 4 !
! \ H |
i - :
] ¥
] I ‘J‘
i

B
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TABLE 3-h. LANDING SITES - OR

i

t .

.' . LV L
I
| .

BITER GSE TO FACI'%ITY INTERFACES !

i | ,
1/F : o I/ F J :
CODE FUNCTION DESCRIPTION - LOCATION | DWG/FIG PAB.AMETER
15101 GNo, He Supply Provide GNp and H, to the _ Safing Area Fig. 3-2.
Pneumatic Control Unit and f
Gas Digtrlbution Unit i 3’
’ o - i
Islok Facility Water . Provide Facility Water to the | Safing Area Fig. 3=2 ‘
Supply ‘ Conditioned Air Unit : ' ‘ l
. ‘ _ I
138106 Facility Air Supply Provide Facility Air for Generail - Safing Area Fig. 3-2 ﬁ-
' G Usage , | T
1S107 | Disposal of I0» Provide Catch Tank for Diaposal Safing Ares || Flg. 3-2
' of Residual LOp SR ; o
15108 Burn Hydrogen Gas Burnstack for GH2 Venta and ['Sa.finig Ai'ea -Flg. 3-2 .
o : Exhaust o ; o ‘
IS109  |Disposal of THp . | Provide Catch Tank for ‘Diaposal .Safing Area’ || Fig, 3-2
) ' of Residual IHo : C j . _
) i : t . T l . 7
15110 Facility Electrieal Provide Electricel Power to the| | Safing Area- Fig. 3=-2
(N Power Supply Support Equipment-and Orbiter ! o ' :
| ' I | li
~} Is1i Electrical Ground Provide an Electrical Ground | Safing Area Fig. 3-2 !
M\ o for the Orbiter. : - &
: ' . Y 5
| : T ' 1]
| : ' ; L !
' ; i | L ;
! ’ ! ' . ; ﬁ
I | o -
IR 1o l
| 1 |
? f | r
; | .
- I8 ;




